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Abstract
Helicobacter pylori (H pylori) infection and the use of nonsteroidal anti-inflammatory drugs (NSAIDs) including aspirin
at any dosage and formulation represent well-established
risk factors for the development of uncomplicated and
complicated peptic ulcer disease accounting for the
majority of such cases. Although the interaction between
H pylori and NSAID/aspirin use in the same individuals
was questioned in some epidemiological studies, it has
now become widely accepted that they are at least
independent risk factors for peptic ulcer disease. According
to data from randomized intervention trials, naive NSAID
users certainly benefit from testing for H pylori infection
and, if positive, H pylori eradication therapy prior to the
initiation of NSAID. A similar strategy is also suggested
for naive aspirin users, although the efficacy of such an
approach has not been evaluated yet. Strong data also
support that chronic aspirin users with a recent ulcer
complication should be tested for H pylori infection and, if
positive, receive H pylori eradication therapy after ulcer
healing, while they appear to benefit from additional
long-term therapy with a proton pump inhibitor (PPI).
A similar approach is often recommended to chronic
aspirin users at a high risk of ulcer complication. H pylori
eradication alone does not efficiently protect chronic
NSAID users with a recent ulcer complication or those
at a high-risk, who certainly should be treated with
long-term PPI therapy, but H pylori eradication may be
additionally offered even in this setting. In contrast, testing
for H pylori or PPI therapy is not recommended for chronic
NSAID/aspirin users with no ulcer complications or those
at a low risk of complications.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Helicobacter pylori ; Aspirin
Papatheodoridis GV, Archimandritis AJ. Role of Helicobacter
pylori eradication in aspirin or non-steroidal anti-inflammatory

drug users. World J Gastroenterol 2005; 11(25): 3811-3816

http://www.wjgnet.com/1007-9327/11/3811.asp

INTRODUCTION
Salicylates have been used in therapeutic medicine since
the Hippocrates’ era and their use is still growing. During the
last 50 years, there is a continuously increasing consumption
of aspirin for cardioprotection and for secondary prophylaxis
of recurrent stroke or other vascular occlusion, while the
drug seems to have a possible role in chemoprevention of cancer
and Alzheimer’s disease[1-4]. Non-steroidal anti-inflammatory
drugs (NSAIDs) are also widely used agents[5]. In the USA,
it is estimated that more than 50% of the population over
65 years take aspirin or NSAIDs frequently[6].
The increasing widespread consumption of aspirin/
NSAIDs, however, is associated with an increasing incidence
of their well-known gastrointestinal complications, which
include dyspepsia, gastric and/or duodenal erosions and
ulcers and peptic ulcer complications. Peptic ulcer complications,
usually bleeding, represent the most frequent serious adverse
events of the use of aspirin/NSAIDs[1,7]. Peptic ulcer(s)
may be found at endoscopy in up to 20-25% and ulcer
complications requiring hospital admission develop in 2-5%
of chronic users of NSAIDs[7-12]. Use of NSAIDs has also
been shown to increase the risk of lower gastrointestinal
bleeding[13]. The damaging effect of aspirin on the gastric
mucosa may be less potent than the effect of NSAIDs[14].
Thus, it is estimated that the chronic use of aspirin increases
the absolute annual risk of gastrointestinal bleeding by 0.04%
(absolute annual risk of bleeding with and without aspirin:
0.09% and 0.05% respectively)[15]. Nevertheless, despite the
relatively low absolute risk of bleeding in aspirin users, the
numbers of aspirin related acute gastrointestinal bleeding
episodes are rather high probably due to the huge numbers
of individuals who take the drug regularly for long periods
often having additional factors with increased risk for
bleeding, such as old age and history of peptic ulcer disease.
The use of selective NSAIDs, such as selective cyclooxygenase 2 (COX-2) inhibitors, significantly reduces but
does not completely eliminate the risk of gastrointestinal
complications[11,12,16], while their gastrointestinal benefit
appears to be significantly restricted in cases of concomitant
use of aspirin, even at low doses[11,17].
Helicobacter pylori (H pylori) is undoubtedly associated with
the development of gastritis and uncomplicated and
complicated peptic ulcer diseases[18]. Although the presence
of two factors that can damage the gastric mucosa, such as
H pylori and aspirin/NSAIDs, would be reasonably considered
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to increase the risk for development of uncomplicated and
complicated peptic ulcer, data from several, mainly epidemiological, studies appear to be controversial and do not always
confirm such an assumption[19]. This review focuses on the
role of H pylori infection and the need for its eradication
for prevention of gastrointestinal complications among aspirin/
NSAIDs users by evaluating the relevant pathophysiological
and epidemiological data as well as the results of the randomized,
controlled clinical trials of therapeutic intervention.

P ATHOPHYSIOL
OG
Y
THOPHYSIOLOG
OGY
Aspirin or NSAIDs use is associated with the development
of peptic erosions or ulcers through several mechanisms.
First, aspirin acts locally through the release of salicylic acid
in the stomach, which is not ionized by the gastric acid.
Salicylic acid enters and accumulates within the gastric
epithelial cells, is ionized intracellularly and disrupts cell
metabolic functions increasing mucosal permeability and
permitting the back diffusion of H+ ions[20]. Moreover, aspirin
promotes topical inflammation by inducing recruitment of
leukocytes, which eventually results in capillary constriction
and topical ischemia. The topical gastrotoxic effect of aspirin,
however, does not seem to be particularly important, since
it is associated only with superficial ulcerations that often
resolve spontaneously despite the continued aspirin use[20].
The systemic gastrotoxic effect of aspirin is related to the
inhibition of cyclo-oxygenase-1 (COX-1) and the subsequent
disruption of prostaglandin synthesis and to the antiplatelet
function that promotes bleeding complications[20]. The key
role of the systemic effects of aspirin in the development
of gastrointestinal complications is strongly supported by
the data showing that the risk of such complications is
independent of the drug formulation[17,21,22]. Even low doses
of aspirin, such as 75 mg/d, have been shown to increase
the risk of gastroduodenal ulcerations[21,22]. Inhibition of
COX-1 with disruption of prostaglandin production is also
the main mechanism of NSAIDs induced gastroduodenal
complications[11-13].
H pylori infection induces a substantial inflammatory
reaction in the gastric mucosa with recruitment of leukocytes
and production of several inflammatory cytokines, which
eventually result in attenuation of mucosal defense mechanisms[18]. Thus, H pylori infection and aspirin/NSAID use
impaired gastric mucosal defense by different mechanisms
and therefore an interaction between these two factors is
biologically plausible.
EPIDEMIOL
OGICAL STUDIES
EPIDEMIOLOGICAL
The interaction between H pylori infection and aspirin/NSAIDs
use in the development of ulcer and ulcer complications
has been initially evaluated in several cohort or case-control
studies. The findings of these studies, however, have been
controversial, since some studies suggested an independent
or additive role of H pylori infection and aspirin/NSAIDs
use in gastrointestinal complications[21-30] and others proposed
no association or even a protective role of H pylori infection
in users of aspirin/NSAIDs[31-33]. Moreover, in one study,
H pylori infection was found to increase the risk of gastric
but not of duodenal ulceration in this setting [34]. The
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heterogeneity in study design and methodology, definitions,
power, outcome, and selection of controls have been
suggested to be responsible for such conflicting results[19].
In a systemic review published in 2002, the combined
analysis of the data available up to October 2000 showed
that there is synergism for the development of peptic ulcer
and ulcer bleeding between H pylori infection and aspirin/
NSAID use [35]. In particular, the presence of H pylori
infection was found to increase 3-5-fold the risk of peptic
ulcer in aspirin/NSAID users (prevalence of peptic ulcer
in H pylori positive: 53% and H pylori negative: 21%, OR: 3.5)
and 18-fold in subjects not taking aspirin/NSAID (prevalence
of peptic ulcer in H pylori positive: 18% and H pylori negative:
0%, OR: 18.1)[35]. Thus, the risk of peptic ulcer is approximately
60-fold higher in H pylori positive aspirin/NSAID users
compared with H pylori negative subjects not taking aspirin/
NSAID [35]. Moreover, H pylori infection was shown to
increase the risk of ulcer bleeding 1.8-fold, aspirin/NSAID
use 4.85-fold, and the presence of both factors 6.1-fold
compared with the risk of bleeding among H pylori negative
subjects not taking aspirin/NSAID[35]. H pylori infection has
also been found to increase the risk of upper gastrointestinal
bleeding even in chronic users of low dose aspirin[27]. In a
more recent case-control study from our group, H pylori
infection was again found to increase the risk for upper
gastrointestinal bleeding in aspirin/NSAID users 2.9-fold,
or 1.7-fold when adjustment for other risk factors for
bleeding was performed[28]. Taking all together, it seems that
aspirin/NSAID use and presence of H pylori infection are
at least independent risk factors for peptic ulcer and bleeding
from peptic ulcer.

RANDOMIZED CLINICAL TRIALS
H pylori eradication in naive aspirin/NSAID users
If H pylori gastritis does enhance the risk for ulcer bleeding
in aspirin/NSAID users, then H pylori eradication should
substantially reduce such a risk in this setting. Since the risk
of bleeding in aspirin/NSAID users is strongly related to
the duration of drug use, being higher in subjects with new
or recent drug onset (<1-3 mo) than in chronic drug users
(>1-3 mo)[36-38], the possible beneficial effect of H pylori
eradication on naive aspirin/NSAID users was initially
evaluated. In fact, only naive users of non-aspirin NSAIDs
have been included in the relevant clinical trials to date,
while the possible benefit of H pylori eradication in naive
users of aspirin has not been evaluated yet.
H pylori eradication before NSAID use was found to
significantly reduce the occurrence of peptic ulcers in 92
H pylori positive, NSAID naive patients with musculoskeletal
pain treated with an 8-wk course of naproxen at a daily
dose of 750 mg (peptic ulcers: 3/45 or 7% of patients in
the H pylori eradication group vs 12/47 or 26% of patients
in the placebo group, P = 0.01)[39]. In a longer trial with a
similar design, H pylori eradication before NSAID use was
again found to significantly reduce the risk of peptic ulcers
in 100 H pylori positive, NSAID naive, patients with
arthritis and a history of peptic ulcer or dyspepsia treated
with a 6-mo course of diclofenac slow release at a daily
dose of 100 mg (peptic ulcers: 5/51 or 12% vs 15/49 or
34%, P = 0.0085)[40]. In the latter trial, H pylori eradication
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was also found to significantly reduce the risk of ulcer
complications as well [6-mo probability: 4.2% (1.3-9.7) vs
27.1% (14.7-39.5), P = 0.0026][40].
H pylori eradication in chronic aspirin/NSAID users without a
history of peptic ulcer complications
The results of the first large clinical trial of H pylori eradication
in chronic NSAID users raised several questions for the
benefit of such an intervention. In this trial[41], 285 H pylori
positive chronic NSAID users with past or current peptic
ulcers or NSAID-associated dyspepsia who continued a
minimum dosage of NSAID for at least 6 mo were randomized
to receive H pylori eradication therapy with omeprazole,
amoxycillin and clarithromycin (n = 142) or omeprazole
plus placebo antibiotics (n = 143) for 1 wk. Subsequently,
all patients received omeprazole 20 mg daily for 3 wk
followed by an additional 4-wk omeprazole course in cases
with endoscopically detected peptic ulcers at 4th wk. The
probability of being peptic ulcer free at 6th mo was similar
in the H pylori eradication [0.56 (95%CI: 0.47-0.65)] and
the omeprazole-control group [0.53 (95%CI: 0.44-0.62)],
while healing of gastric ulcers was significantly impaired in
the H pylori eradication group (gastric ulcers healed at 8th wk:
72% in the H pylori eradication group vs 100% in the
omeprazole-control group, P = 0.006)[41].
The design of the latter trial, however, was different
from the design of the trials in naive NSAID users, since
H pylori eradication therapy was given to subjects with ulcers
or at high-risk of ulcers, who had already been on longterm NSAID consumption. Moreover, both the H pylori
eradication and control groups were treated with 4-8 wk of
omeprazole for ulcer healing. The lower probability of gastric
ulcer healing at 8 th wk in the H pylori eradication group
should be associated with the more potent antisecretory
activity of the PPIs including omeprazole in the presence
than absence of H pylori infection[42]. Similar findings have
also been observed in another large study including 692
chronic NSAID users, in which gastric ulcer healing with
ranitidine or lansoprazole was shown to be significantly
enhanced in the presence of H pylori infection (healing of
gastric ulcers at 8th wk: 70% in H pylori positive vs 61% in
H pylori negative, P<0.05)[43]. According to these data, it has
been reasonably suggested that any attempt to eradicate H pylori
infection should follow ulcer healing in the management of
chronic NSAID users, although the efficacy of such an
approach remains to be tested. The efficacy of H pylori eradication in chronic aspirin users has not been evaluated yet.
H pylori eradication in chronic aspirin/NSAID users with a
recent peptic ulcer complication
Subjects with a history of upper gastrointestinal bleeding or
other peptic ulcer complications represent a particular subgroup
of aspirin/NSAID users who are at a high risk for recurrent
bleeding during continued aspirin/NSAID use[44,45]. Strategies
that may prevent bleeding in this setting include concurrent
therapy with a PPI or eradication of H pylori infection in
H pylori positive subjects. The efficacy of these two strategies
was evaluated in a large clinical trial including 400 H pylori
positive aspirin/NSAID users with a history of upper
gastrointestinal bleeding[46]. All patients initially discontinued
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aspirin or NSAID therapy and were treated with omeprazole
20 mg daily for at least 8 wk to promote ulcer healing.
Once the healing of ulcer was confirmed, 250 patients who
were given 80 mg of aspirin daily for heart disease or stroke
and 150 patients who were given 500 mg of naproxen twice
daily for arthritis, both for at least 6 mo, were separately
randomized to receive 20 mg of omeprazole daily for 6 mo
or a 7-d course of H pylori eradication therapy followed by
placebo once daily for 6 mo. In patients taking aspirin, no
significant difference in the probability of recurrent bleeding
during the 6-mo follow-up period was observed between
those who received H pylori eradication therapy (1.9%) and
those who received omeprazole (0.9%) (absolute difference:
1%, 95%CI: -1.9-3.9%). In contrast, in patients taking
naproxen, the 6-mo probability of recurrent bleeding was
significantly lower in the omeprazole (4.4%) than in the
H pylori eradication group (18.8%) (absolute difference:
14.4%, 95%CI: 4.4-24.4%, P = 0.005)[46]. According to these
data, it seems that, after ulcer healing, H pylori eradication
may be effective in preventing recurrence of upper
gastrointestinal bleeding in chronic aspirin users, but not in
chronic NSAID users, who require long-term potent
antisecretory therapy with a PPI.
Whether the combination of H pylori eradication and
long-term use of PPIs may further decrease the risk of
recurrence of peptic ulcer complications in chronic aspirin
users was evaluated in a recent clinical trial[47]. Thus, 123
H pylori positive patients with a history of an aspirin-related
peptic ulcer complication and current peptic ulcer were
initially treated with a 7-d H pylori eradication therapy
followed by 40 mg of famotidine daily for 5 or 13 additional
weeks until ulcer healing. Then, they all restarted taking
100 mg of aspirin daily and randomized to receive 30 mg
of lansoprazole daily or placebo. During a median followup of 12 mo, recurrence of ulcer complications was observed
in 9 (14.8%) of 61 patients in the placebo group and in
only 1 (1.6%) of 62 patients in the lansoprazole group
(adjusted hazard ratio: 9.6, 95%CI: 1.2-76.1, P = 0.008)[47].
It should be noted, however, that four of the nine placebo
treated patients with a recurrence of ulcer complications
were reinfected with H pylori and an additional two patients
of this group took other NSAIDs. Despite these problems
in the latter trial, it is becoming widely accepted that longterm therapy with a PPI after H pylori eradication offers
additional benefit in preventing peptic ulcer complications
in high risk H pylori positive chronic aspirin users[19].

DISCUSSION
All existing data suggest that the presence of H pylori infection
represents an additional risk factor for peptic ulcer complications in aspirin/NSAID users[19,48]. However, in current
clinical practice which should be guided by the evidencebased medicine and should take into account the cost/benefit
analysis of any major intervention, the management of H pylori
infection and generally the gastrointestinal prevention in
aspirin/NSAID users should probably be individualized
(Table 1). Thus, the optimal management of such subjects
appears to depend on the main factors affecting the risk of
ulcer complications, which are: (1) whether the subject is a
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Table 1 Recommendations[19,48] and evidence for the H pylori test-and-treat approach and/or the long-term therapy with a proton pump
inhibitor (PPI) in users of aspirin or non-steroidal anti-inflammatory drugs (NSAIDs)
H pylori test-and-treat approach

Long-term PPI therapy

Naive aspirin users

Recommendation

No

Naive NSAIDs users

Recommendation-evidence[39,40]

No

Chronic aspirin users
With a recent ulcer complication
At high risk for ulcer complication

Recommendation1-evidence[46,47]
1

Recommendation

At low risk for ulcer complication

No

Recommendation-evidence[47]
Recommendation
No

Chronic NSAIDs users
With a recent ulcer complication
At high risk for ulcer complication

Potential benefit1,2
1,2

Potential benefit

At low risk for ulcer complication

No

Recommendation-evidence[46]
Recommendation
No

1

H pylori eradication therapy in chronic users of aspirin or NSAIDs with a recent ulcer complication or those at a high-risk should be administered after confirmation of
ulcer healing. 2H pylori eradication therapy in chronic NSAIDs users with a recent ulcer complication or those at a high-risk may be given as a potentially beneficial
intervention in addition to the long-term PPI therapy.

naive aspirin/NSAID user or already on long-term (>1-3 mo)
or chronic drug use[36-38]; (2) whether the subject is at high
risk for bleeding or other complication of peptic ulcer
(history of complicated or uncomplicated peptic ulcer, age
older than 60-65 years, recent dyspepsia, treatment with
anticoagulants)[6,36-38,49]; and (3) perhaps whether they take
aspirin or non-aspirin NSAID[19,48].
In naive NSAID users, it is well accepted and supported
by strong data[39,40] that they should be tested for the presence
of H pylori infection and, if positive, receive H pylori eradication
therapy before NSAID use[19-48]. A similar strategy is also
suggested for naive aspirin users[19], although the efficacy
of such an approach has not been evaluated yet.
In chronic aspirin/NSAIDs users, the recommendations
may depend on the risk for peptic ulcer complications[6]
and the type of drug. The indication for use of aspirin or
NSAIDs should be first evaluated in all such users at high
risk for peptic ulcer complications. Moreover, the probability
and the cost/benefit of replacement of aspirin or NSAID
with a less gastrotoxic antiplatelet agent or a selective COX2 inhibitor respectively may be considered[6,11,12].
All individuals, who should continue taking aspirin after
development of a peptic ulcer complication, should be tested
for the presence of H pylori infection and, if positive, receive
H pylori eradication therapy after peptic ulcer healing. In
addition, they should subsequently receive long-term therapy
with a PPI[19,47]. A similar approach may be recommended
in chronic aspirin users without a recent ulcer complication
but at high risk for ulcer complication, such as those with a
history of peptic ulcer[19]. It should be noted, however, that
there are no strong data to support the combined prophylactic
approach with both H pylori eradication and long-term PPI
therapy in this setting.
All individuals, who should continue taking NSAIDs
being at high-risk for peptic ulcer complication, certainly
benefit from long-term therapy with a PPI[19,46,48]. The risk
of relapse of ulcer complication in chronic NSAIDs users
taking PPI, however, is higher than the risk of such a relapse
in aspirin users irrespective of the type of gastroprotection[46].
Thus, given that H pylori infection represents an independent
risk factor for gastrointestinal bleeding in chronic NSAIDs

users[35], it is often recommended that testing for H pylori
infection and, if positive, H pylori eradication therapy should
be offered to high-risk chronic NSAIDs users in addition
to the long-term PPI therapy[19], despite that there are no
strong data to support such an approach.
Finally, testing for H pylori infection or PPI therapy is
not recommended for chronic users of aspirin or NSAIDs
with no peptic ulcer or complication or those at a low risk
of the same[19].
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Abstract
To review the preventive approaches for recurrence after
curative resection of hepatic metastases from colorectal
carcinoma, we have summarized all available publications
reporting randomized control trials (RCTs) covered in
PubMed. The treatment approaches presented above
include adjuvant intrahepatic arterial infusion chemotherapy,
systemic chemotherapy, neoadjuvant chemotherapy, and
immunotherapy. Although no standard treatment has been
established, several approaches present promising
results, which are both effective and tolerable in posthepatectomy patients. Intrahepatic arterial infusion
chemotherapy should be regarded as effective and
tolerable and it increases overall survival (OS) and diseasefree survival (DFS) of patients, while 5-fluorouracil-based
systemic chemotherapy has not shown any significant
survival benefit. Fortunately chemotherapy combined with
hepatic arterial infusion and intravenous infusion has
shown OS and DFS benefit in many researches. Few
neoadjuvant RCT studies have been conducted to evaluate
its effect on prolonging survivals although many retrospective
studies and case reports are published in which
unresectable colorectal liver metastases are downstaged
and made resectable with neoadjuvant chemotherapy.
Liver resection supplemented with immunotherapy is
associated with optimal results; however, it is also
questioned by others. In conclusion, several adjuvant
approaches have been studied for their efficacy on
recurrence after hepatectomy for liver metastases from
colorectal cancer (CRC), but multi-centric RCT is still
needed for further evaluation on their efficacy and
systemic or local toxicities. In addition, new adjuvant
treatment should be investigated to provide more effective
and tolerable methods for the patients with resectable
hepatic metastases from CRC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Although many approaches have been invented for the
treatment of liver metastases from colorectal cancer (CRC)[1],
resection continues to be the only curative therapeutic option.
Liver resection is today a safe procedure, with a low mortality
rate of 0.8%[2] and a morbidity of 7.2%[3]. Though the 5and 10-year overall survival (OS) rates are 37% and 22%
respectively[4], recurrence is already evidenced, either in the
liver or with extrahepatic disease in about half of all resected
patients within 18 mo after resection [5] . Intrahepatic
recurrence, alone or with other localization, is common.
However, about 60% recurrences are seen in the remnant
liver[6]. In the last two decades people have tried a number
of approaches to prevent recurrence, but only a few of
them were designed as randomized control trials (RCTs),
which provide evidence-based results for those treatment
modalities. In this paper, we summarized the results from
RCTs, attempting to find a more suitable treatment modality
for prevention of recurrence.
LITERA
ATT U R E R E V I E W S O F R A N D O M I Z E D
CONTROL TRIALS TO PREVENT RECURRENCE
AFTER CURA
TIVE HEP
A TECTOMY FOR LIVER
CURATIVE
HEPA
MET
AST
ASES OF COL
ORECT
AL CARCINOMA
METAST
ASTASES
COLORECT
ORECTAL
Hepatic arterial infusion
Rationale for regional therapy after resection of liver
metastases is that hepatic metastases are perfused almost
exclusively by the hepatic artery, while normal hepatocytes
derive their blood supply from the portal vein, which
provides the basis for the use of regional hepatic arterial
infusion (HAI) therapy after resection of hepatic metastases.
Though favorable long-term results can be achieved after
surgery for colorectal metastases to the liver, recurrences
both intrahepatic and extrahepatic commonly occur[5,6].
Tumor cells from colorectal carcinoma spread hematogenously
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via the pertal circulation, making liver the first site of
metastases. The most common site of failure after resection
is within the remnant liver. Hence, additional therapy, either
regional or systemic or both, has potential as an adjunct
treatment after surgery. Extraction of drugs from the hepatic
arterial circulation ensures high drug concentrations to
residual cancer cells while minimizing systemic toxicity,
provided the agent used has a high first-pass extraction. Of
the various chemotherapy agents, 5-fluoro-2-deoxyuridine
(FUDR) is the most commonly used drug for this purpose,
which demonstrates 95% hepatic extraction when given via
HAI. FUDR via HAI markedly increases its estimated
exposure up to 400-fold. 5-FU is the other agent used in
this setting of regional therapy and its response rate can be
expected higher when used in combination with concomitant
leukovorin[7]. Combining 5-FU with other agents by hepatic
artery infusion has been proven to be an effective treatment
for liver metastases from CRC.
Table 1 summarizes the randomized series of adjuvant
intrahepatic therapy (with or without systemic therapy) after
potentially curative hepatic resection of metastatic CRC.
A small study by Lygidakis et al. [8], prospectively
randomized 40 patients to hepatic surgery alone or surgery
combined with post-operative regional chemoimmunotherapy
via implanted splenic and gastroduodenal arterial catheters,
and found that liver resection supplemented with postoperative
targeted transarterial locoregional immunotherapychemotherapy is associated with optimal results.
Asahara et al.[9], conducted a study to evaluate the efficacy
of postoperative transarterial infusion chemotherapy for
the prevention of recurrence after hepatectomy following
curative surgery for colorectal carcinoma. The result showed
that the 3- and 4-year survival rates are 100% in the
experimental group, and 60% and 47% respectively in the
control group.
Kemeny et al. [12], tried to improve the outcomes by
treating patients with HAI of floxuridine plus systemic
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fluorouracil after liver resection, and found that a 2-year
OS and DFS benefit in HAI group is 86% vs 72%, 57% vs
42%. After 2 years, the rate of survival free of hepatic
recurrence is 90% in the HAI group and 60% in the
monotherapy group, suggesting that for patients who
undergo resection of liver metastases from CRC,
postoperative treatment with a combination of HAI of
floxuridine and intravenous fluorouracil improves the
outcome.
Tono et al.[13], divided 19 patients who underwent curative
hepatectomy for metastatic colorectal carcinoma into HAI
group and control group. Patients in HAI group received
continuous intra-arterial infusion of 5-FU (500 mg/d), 4 d
a week for 6 wk. The study showed a significant 1-, 2-,
3-year prolongation of DFS in the HAI group (77.8% vs
50.0%, 77.8% vs 30.0%, 66.7% vs 20.0%, P = 0.045). The
1-, 3-, and 5-year cumulative survival rates for the HAI
group were 88.9%, 77.8%, and 77.8%, respectively, whereas
those of the control group were 100.0%, 50.0%, and
50.0%, respectively. This randomized study reveals that
short-term HAI of 5-FU after curative resection of
colorectal hepatic metastases is effective in preventing the
recurrence of disease and has no serious complications.
Kemeny et al. [14], studied the effect of postoperative
hepatic arterial floxuridine combined with intravenous
continuous infusion of fluorouracil on the OS and DFS of
patients, and found that the 4-year recurrence-free rate is
25% in the control group and 46% in the chemotherapy
group, the median survival time of the 75 assessable patients
is 49 mo in the control group and 63.7 mo in the
chemotherapy group, demonstrating that adjuvant intraarterial and intravenous chemotherapy is beneficial to the
prevention of hepatic recurrence after hepatic resection
of CRC.
However, in a German co-operative multicenter study[11],
patients were randomized to resection only or resection plus
6 mo of HAI of 5-FU/LV given as a 5-d continuous

Table 1 Randomized series of adjuvant intrahepatic arterial chemotherapy after surgical resection of hepatic metastases
Authors
Lygidakis et al.[8]

Treatment protocol
Surgery+HAI chemoimmunotherapy

Sample size
(Tx/Ctl)

Observation
time

DFS Tx vs Ctl

OS Tx vs Ctl

40 (20/20)

3 yr

NA

Median 20 vs

vs surgery alone
Asahara et al.[9]

Surgery+HAI chemotherapy

Conclusions
Beneficial

11 (mo) (P<0.05)
38 (10/28)

NA

NA

vs surgery alone

3-yr 100% vs 60%

Beneficial

4-yr 100% vs 47%,
respectively (P<0.05)

Rudroff et al.[10]

Surgery+HAI 5-FU/MMC

30 (14/16)

5 yr

vs surgery alone
Lorenz et al.[11]

Surgery+HAI 5-FU/LV

226 (113/113)

NA

156 (74/82)

2 yr

vs surgery alone
Kemeny et al.[12]

Surgery+HAI FUDR/DEXA+IV
5-FU/LV vs surgery+IV 5-FU/LV

Tono et al.[13]

Surgery+HAI 5-FU+oral 5-FU

19 (9/10)

vs surgery+oral 5-FU

5-yr 15% vs

5-yr 25% vs 31%

23% (P>0.05)

(P>0.05)

beneficial

Median 14.2 vs

Median 34.5 vs

Not

13.7 (mo) (P>0.05)

40.8 (mo) (P>0.05)

beneficial

2-yr 57% vs 42%

2-yr 86% vs 72%

Beneficial

(P = 0.07)

(P = 0.03)

62.2 (mo)

1-, 2-, 3-yr 77.8%,

1-, 2-, 3-yr 88.9%,

(mean)

77.8%, 66.7% vs

77.8%, 77.8% vs

50.0%, 30.0%, 20.0%

100.0%, 50.0%, and

respectively (P = 0.045)

Not

Beneficial

50.0% respectively
(P = 0.2686)

Kemeny et al.[14]

Surgery+HAI FUDR+IV 5-FU

109 (53/56)

NA

vs surgery
Tx: treatment; Ctl: control; DFS: disease-free survival; OS: overall survival; NA: not available.

4-yr 46% vs 25%

Median 63.7 vs

(P = 0.04)

49 (mo) (P = 0.60)

Beneficial
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infusion every 28 d. No differences in time-to-progression,
time-to-hepatic progression, or median OS are noted in this
study.
Rudroff et al. [10], evaluated the preventive effect of
adjuvant intra-arterial chemotherapy after R0 liver resection
and found that there is no significant difference in either
5-year survival or long-term disease-free status between
the two groups. They concluded that routine application of
adjuvant regional chemotherapy after R0 liver resection is
not warranted.
A recent meta-analysis[15] also showed that hepatic artery
chemotherapy after curative hepatectomy metastases cannot
improve the OS.
The above data suggest that adjuvant intrahepatic arterial
chemotherapy combined with or without intravenous
chemotherapy can inhibit the recurrence, and that the toxicity
and side effects are tolerable.
At present, the superior rates of response and survival
reported with irinotecan- and oxaliplatin-based regimens[16-19]
provide a new standard first-line treatment of metastatic
CRC, which have led to more clinical trials to re-evaluate
the efficiency of HAI combining irinotecan or oxaliplatin
on recurrence after curative hepatectomy for CRC. At the
Memorial Sloan-Kettering Cancer Center (MSKCC), a phase
I/II study used HAI with floxuridine and dexamethasone
in combination with systemic irinotecan as adjuvant therapy
following curative hepatectomy in 90 CRC patients. The
maximum tolerable dose of combined HAI+systemic
irinotecan is 0.12 mg/kg FUDR with systemic CPT-11 at
200 mg/m 2 every other week, the 2-year survival rate is
87%[20-22]. Oxaliplatin, a new cytotoxic agent, when used in
combination with 5-FU/LV (FOLFOX), can achieve more
than 50% clinical response and a median survival time of
16.2 mo in untreated patients with metastatic CRC[18,19],
suggesting that oxaliplatin-based regimens combined with
HAI of FUDR have a promising result.
HAI of FUDR plus systemic 5-FU/LV following
resection of hepatic metastases decreases local recurrence
and improves OS. It is necessary to further study the effect
of HAI combing newer systemic agents, such as irinotecan
and oxaliplatin and to make it clear which combination of
regimens are the most effective and well-tolerated.
Systemic chemotherapy
While patients who undergo resection of liver metastases
from CRC can prolong their survival time, the majority
will have relapse not only intrahepatically but also
extrahepatically. Therefore, the investigation of adjuvant
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therapies designed to decrease relapse is warranted.
Adjuvant chemotherapy via HAI after resection of liver
metastases has shown its efficacy in terms of both diseasefree survival (DFS) and OS. On the contrary, the role of
“adjuvant” chemotherapy following liver resection for
hepatic colorectal metastases remains unclear. Some
retrospective trials about adjuvant 5-FU-based systemic
chemotherapy have not shown any significant survival
benefit[18,19]. Few prospective randomized studies have been
performed to answer the question whether postoperative
chemotherapy improves survival in comparison to liver
resection alone. However, the effects on survival of
postoperative systemic chemotherapy are currently under
evaluation. The following are recent RCT studies on
systemic chemotherapy (Table 2).
Lopez-Ladron et al. [24], studied the outcome of 38
patients with resection of liver metastases from CRC, and
found that the median OS time of patients who did not
receive CT is 15 mo, while patients who received CT after
hepatic surgery have a median survival time of 30 mo.
The actual OS of patients who received adjuvant CT seems
to be higher, suggesting that these results should be
confirmed in phase III studies.
An intergroup multicentric randomized study [23] was
performed to evaluate the value of FU/FA after complete
resection of liver metastases compared to surgery alone.
The result is in favor of patients who received systemic
chemotherapy after resection of liver metastases.
At present, more studies are focused on the effect of
HAI combined with systemic chemotherapy on the OS and
DFS[12,14] (Table 1).
In general, systemic chemotherapy alone cannot inhibit
recurrence in patients after resection of hepatic colorectal
metastases, although systemic 5-FU/LV and HAI of FUDR
following resection of hepatic metastases decrease local
recurrence and improve 2-year survival. Both hepatic and
extrahepatic relapses remain a problem. Studies on newer
systemic agents such as irinotecan and oxaliplatin are under
way.
Neoadjuvant therapy
The application of neoadjuvant chemotherapy has a number
of potential advantages in patients with resectable liver
metastases. Firstly, it helps the selection of chemotherapeutic
agents after resection. The degree of response gives
information on the in vivo chemosensitivity of the tumor.
In patients with fewer responses or severe toxicity, the same
agents should be avoided and alternative agents should

Table 2 RCT studies on efficacy of systemic chemotherapy on prevention of recurrence
Authors
Lopez-Ladron et al.[24]

Treatment protocol

Sample size
(Tx/Ctl)

Surgery+post-operative

38 (28/10)

chemotherapy vs surgery alone
Portier et al.[23]

Surgery+post-operative
chemotherapy (FU/FA)

162 (81/81)

Observation
time

DFS Tx vs Ctl

OS Tx vs Ctl

Conclusions

Median 15

Median 15 vs 9

Median 30vs15

Not beneficial,

(mo)

(mo) (P = 0.352)

(mo) (P = 0.066)

needing
further study

5 yr

5-yr 33% vs 24%
(P>0.05)

5-yr 51% vs 44%
(P>0.05)

vs surgery alone
Tx: treatment; Ctl: control; DFS: disease-free survival; OS: overall survival; NA: not available.

Not beneficial
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Table 3 RCTs on efficacy of neoadjuvant chemotherapy
Authors

Treatment protocol

Lorenz et al.[29]

Biweekly FOLFOX regimen×6

Bathe et al.[30]

Sample size
(Tx/Ctl)

Observation
time

40 (20/20)

NA

DFS Tx vs Ctl
NA

OS Tx vs Ctl

Conclusions

NA

Induced significant remissions

cycles vs biweekly FOLFOX
regimen×3 cycles

without increasing morbidity

5-FU+leukovorin+CPT-11

Ongoing

Tx: treatment; Ctl: control; DFS: disease-free survival; OS: overall survival; NA: not available.

be considered after resection. Secondly, neoadjuvant
chemotherapy may also help the selection of candidates
for resection, which means patients who develop extrahepatic
disease during a short course of chemotherapy are unsuitable
for resection in the first place. Finally, neoadjuvant
chemotherapy enhances resectability in some instances[25-27].
Reduction of tumor volume may limit the amount of liver
that needs to be removed to accomplish eradication of the
tumor and preserve more normal hepatic tissues.
Most reports on neoadjuvant chemotherapy for liver
metastasis focus on the strategies for unresectable tumors[25,28].
The reported resectability rate ranges from 10% to 40%
for unresectable colorectal liver metastases after preoperative
chemotherapy.
Recently, Lorenz et al.[29], conducted a prospective pilot
study of neoadjuvant chemotherapy with 5-fluorouracil,
folinic acid and oxaliplatin for resectable liver metastases
of CRC, and found that neoadjuvant chemotherapy for
resectable liver metastases induces significant remissions
without increasing morbidity (Table 3).
Due to the potential advantage in patients with resectable
liver metastases and new regimens using either oxaliplatin
or irinotecan in combination with 5-FU, one phase II study[30]
of neoadjuvant 5-FU+leukovorin+CPT-11 in patients with
resectable liver metastases from colorectal adenocarcinoma
is under investigation. The general aim of this study is to
determine the efficacy of neoadjuvant chemotherapy for
patients with ablatable liver metastases from CRC in reducing

recurrence rate. Response to the chemotherapy regimen
will constitute an in vivo chemosensitivity test, and this will
guide adjuvant chemotherapy following resection of liver
metastases from CRC.
Immunotherapy
Since early 1990s, immunotherapy has become a very
attractive cancer treatment modality. However, it is not so
effective as expected in a number of clinical trials[31,32].
Recently a series of clinical trials have begun to investigate
the effect immunotherapy on recurrence of cancer after
surgery. The summary of these RCTs are as follows (Table 4).
Lygidakis et al.[8], compared the effect of liver resection
combined with post-operative locoregional immunotherapy
+chemotherapy on recurrence after curative hepatectomy
of hepatic colorectal metastases, and found that the survival
time of control group ranges from 4 to 25 mo (mean 11 mo),
suggesting that liver resection in combination with
postoperative targeted transarterial locoregional immunotherapy
-chemotherapy is associated with good results. It is highly
recommended as the procedure of choice for patients with
liver metastasis of colorectal carcinoma.
Lygidakis et al.[33], showed the same results, which support
post-operatively locoregional chemotherapy for hepatic
metastases of CRC. Lygidakis et al. [34] , reported that
regional immunochemotherapy combined with systemic
chemotherapy leads to a lower incidence of disease recurrence
and a significant prolongation of the OS and DFS time.

Table 4 RCTs of immunotherapy
Authors
Lygidakis et al.[8]

Treatment protocol

Sample size
(Tx/Ctl)

Observation
time

Surgery+post-operative HAI

40 (20/20)

3 yr

DFS Tx vs Ctl

OS Tx vs Ctl

Conclusions

NA

Median

Beneficial

immunochemotherapy
vs surgery alone
Lygidakis et al.[33]

Post-operatively locoregional
immunochemotherapy vs

20 vs 11 (mo)
(P<0.05)
45 (33/15)

NA

NA

Median
20.3 vs 9.9 (mo)

Beneficial

122 (62/60)

NA

2-yr
66% vs 48%

2-yr 92% vs 75%
5-yr 73% vs 60%

Beneficial

19 (12/7)

NA

NA

NA

Beneficial

post-operatively locoregional
chemotherapy
Lygidakis et al.[34]

Elias et al.[35]

Locoregional chemoimmunotherapy
with systemic chemotherapy vs
systemic immunochemotherapy
Preoperative rIL-2 continuous
intravenous infusion

(well tolerated
and reverse
postoperative
immunodepression)

Gardini et al.[36]

Post-operative TIL+IL-2
vs post-operative+chemotherapy

45 (25/22)

NA

Tx: treatment; Ctl: control; DFS: disease-free survival; OS: overall survival; NA: not available.

1-, 3-, and 5- yr
No difference

1-, 3-, and 5-yr
No difference

Not beneficial
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Elias et al.[35], investigated prehepatectomy immunostimulation with recombinant interleukin-2 (rIL-2) and
evaluated the tolerance of rIL-2 in association with major
hepatectomy to verify the effect of preoperative immunostimulation (neoadjuvant immunotherapy), and found that
toxicity during rIL-2 infusion is acceptable, suggesting that
infusion of rIL-2 before major hepatectomy for liver
metastases of CRC is well tolerated and reverses postoperative
immunodepression.
Gardini et al.[36], also studied immunotherapy with tumor
infiltrating lymphocytes (TIL) plus interleukin-2 (IL-2) as
adjuvant treatment, and found that there are no significant
differences in the actual and DFS rates after 1, 3, and
5 years, suggesting that whether TIL+IL-2 treatment is an
effective adjuvant therapy needs to be further studied.

10

11

12

SUMMARY
Number of preventive treatment protocols for inhibiting
recurrence after curative resection of liver metastases from
colorectal origin have been evaluated by RCT. Although no
standard treatment has been proven to be effective in all
patients, several approaches present promising results, which
are both effective and tolerable in post-operative patients.
Generally intrahepatic arterial infusion chemotherapy is
effective in preventing the recurrence of disease without
serious complications, while systemic chemotherapy is not
in favor of patients who receive systemic chemotherapy
after liver metastases resection. Neoadjuvant chemotherapy
has shown an advantage in patients with resectable liver
metastases. Immunotherapy approaches can achieve a better
outcome, but need more evidence before wide acceptance.
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Abstract
AIM: The aim of the present study is to use immunohistochemical methods to investigate the clinical implications
of tumor markers in esophageal squamous cell carcinoma
and evaluate their impact on prognosis.
METHODS: From November 1990 to December 1996, 47
patients were treated with preoperative radiation followed
by radical esophagectomy. All patients were confirmed
pathologically as suffering from squamous cell carcinoma.
Immunohistochemical stain was done for PCNA, cyclinD1
protein expression and DNA content analyzed by image
cytometry. Kaplan-Meier method for single prognostic
factor and log-rank test was used to test the significant
difference. Cox stepwise regression model and prognosis
index model were used for survival analysis with multiple
prognostic factors.
RESULTS: Radio-pathological change, T stage and N
stage, as the traditional prognostic factors had statistical
difference in 3-, 5- and 10-year survival rates. While, tumor
cell proliferating marked PCNA, cyclinD1 and DNA content
served as independent prognostic factors of esophageal
carcinoma. There was definitely an identity between the
single and multiple factor analyses. PI was more accurate
to evaluate the prognosis of esophageal carcinoma.
CONCLUSION: It is possible that tumor cell proliferating
marked PCNA, cyclinD1 and DNA content would become
the endpoints for evaluating the prognosis of esophageal
carcinoma.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Esophageal carcinoma; Radiotherapy; Cell
proliferating marker
Zhu SC, Li R, Wang YX, Feng W, Li J, Qiu R. Impact of
simultaneous assay, the PCNA, cyclinD1, and DNA content
with specimens before and after preoperative radiotherapy
on prognosis of esophageal cancer-possible incorporation
into clinical TNM staging system. World J Gastroenterol 2005;
11(25): 3823-3829

http://www.wjgnet.com/1007-9327/11/3823.asp

INTRODUCTION
Esophageal cancer, the sixth most common cancer worldwide,
is one of the most interesting cancers in terms of its geographic
distribution, variety of environmental factors including tobacco,
alcohol, nutritional deficiencies and nitrosamines[1,2]. The ratio
of the incidence rates between high-risk and low-risk areas
can be as great as 500:1, e.g., Cixian, in Hebei Province of
northern China, has received worldwide attention over the
past decades because of its high esophageal cancer incidence.
Results from earlier studies show that malignant transformation
of human esophageal mucosa is a multistage process. An
early indicator of abnormality in persons predisposed to
squamous cell carcinoma (SCC) is the proliferation of
esophageal epithelial cells, morphologically manifested as
basal-cell hyperplasia (BCH) and dysphasia (DYS). However,
key molecular changes in the esophageal carcinogenesis still
remain to be characterized[3].
Furthermore, genetic factors, such as the activation of
oncogene and the inactivation of tumor suppressor genes,
are believed to play important roles. Earlier studies have shown
the PCNA (proliferating cell nuclear antigen) is a 36-ku,
261-amino acid non-histone polypeptide that is localized in
the nucleus and is associated with cell proliferation with
function as an auxiliary protein to DNA polymerase-delta.
PCNA appears to be necessary for DNA replication and
elevated level of this protein at the G1/S phase transition
are present in cells undergoing division[4,5].
Recent evidence has suggested that cyclinD1 gene (also
referred to as prad1) amplification might also be involved
in the development of esophageal carcinoma. The cyclinD1
gene has been mapped to the chromosome 11q13 locus
close to the int2 and hst1 genes. The complex of cyclinD1
protein and cyclin-dependent protein kinases (cdks) may
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govern key transitions in the cell cycle. Zhang[6] found that
cyclinD1 gene was amplified and its protein expression
increased in only one-third of the esophageal SCC. However,
the knowledge of the role of cyclinD1 in esophageal
carcinogenesis is not yet definite in detail, since the level of
cyclinD1 protein in different stages of carcinogenesis of
esophageal carcinoma has not been determined[6].
In the current study, it is possible to use only cancer cells
for analyzing the DNA patterns and ploidy in cytophotometry.
Most investigators have shown in clinical esophageal SCC,
high-ploidy tumors grow more rapidly than low-ploidy ones,
and the duration from curative esophagectomy to recurrence
decreases in proportion to the degree of DNA aneuploidy[7].
Thus, despite aggressive therapy for esophageal cancer,
the outcome is generally poor with a large number of patients
developing rapid recurrence even after curative operation[8,9].
If the prospect of prognosis and metastasis could be predicted
preoperatively, it would be appropriate to select the most
adequate treatment for individual cancer patient. Thus multidisciplinary treatment including chemotherapy and irradiation
would be reserved for patients predicted to have a poor
prognosis while a less aggressive approach could be undertaken
for those with better prognosis. Though most of the previous
lectures showing DNA ploidy, AgNoRs and amplification
of some oncogenes had been investigated to determine their
prognostic value in esophageal cancer, the indication by
PCNA, cyclinD1 protein expression combined with DNA
ploidy have not been reported. It is expected to be of interest
to evaluate them together as predictors of the malignant
potential. In this report, we examined the cyclinD1, PCNA
protein and DNA ploidy of esophageal carcinoma in 47
paired specimens from endoscopic biopsy and surgical
resection tissue, with biologic features and prognostic value
was also discussed.

MA
TERIALS AND METHODS
MATERIALS
Patients
There are 47 patients (median age 62 years, range 33-74 years,
28 males and 19 females) with SCC of esophagus treated
from November 1990 to December 1993 by preoperative
radiotherapy followed by curative esophagectomy at the
Fourth Hospital, Hebei Medical University, in northern
China. All patients had been examined by gastrointestinal
endoscopy, barium swallow, chest X-ray and liver ultrasound
scans. Patients with stage IV disease shown by computed
tomography were excluded. Pathological evaluation done
according to the criteria established by the Chinese Society
for Esophageal Disease (Henan,1987), showed all patients
were suffering from SCC. We had obtained two sets of
specimens from each patient: endoscopic biopsy before
preoperative radiotherapy and the surgical specimens of
the same patient after esophagectomy of which the tumor
markers in all 47 paired specimens were investigated. The
maximum follow-up was 144 mo with a median of 56 mo.
Radiotherapy
All the 47 patients received preoperative radiotherapy,
the external beam radiation was given by a 10-MV X-ray
(Linear Accelerator, SIEMENS, PRIMUS) using the
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conventional fractionated irradiation. The irradiated volume
included the gross tumor with a safety margin of 5.0 cm
both proximally and distally. Treatment was given through
two opposing fields (anterior and posterior); 2.0 Gy was
delivered daily for 5 d a wk to a total dose of 30-40 Gy in
15-20 fractions over 3-4 wk.
Esophagectomy
Transthoracic esophagectomy, the most common approach
through a right or left thoracotomy incision depending on
the preference of the surgeon and the location of the tumor
was performed. Tumor located in the lower third of the
esophagus usually was approached through a left thoracotomy.
A left sixth interspace incision provides excellent exposure
of the lower mediastinum. Gastrointestinal reconstruction
was subsequently achieved by prepared esophageal substitute
(usually the stomach), by passing of a prepared esophageal
substitute, usually the stomach underneath the aortic arch
and suture to the esophageal stump. Definite esophagectomy
was undertaken 3 wk after radiotherapy.
Immunohistochemical stain
Biopsy and surgical specimens were fixed in 40 g/L
formaldehyde and embedded in paraffin wax. Five-micron
sections cut from each specimen, dewaxed in xylene, rehydrated
through grading concentrations of ethanol were immersed
in 3% hydrogen peroxide to block the endogenous peroxidase
and washed in phosphate buffered saline. For cyclinD1 and
PCNA immunohistochemical stain, tissue sections were
heated in 10 mmol/L sodium citrate (pH 6.0) in a microwave
oven for 10 min to expose the antigens, and, then, treated
with normal goat serum (10%) before staining to reduce
nonspecific antibody binding. Tissue sections were incubated
overnight for cyclinD1. CyclinD1 and PCNA stain
at 4
with the following antibodies: mouse monoclonal anticyclinD1 antibody (Novocastra Laboratories Ltd., UK) at
1:20 dilution and mouse monoclonal anti-PCNA antibody
(PC-10, Dakopath,Glostrup, Denmark) at 1:100 dilution.
The sections were then washed and incubated with
biotinylated goat anti-rabbit IgG (Vector Laboratories,
Burlingame, CA) at room temperature for 30 min. After
washing, the sections were incubated with avidin-biotinperoxidase complex at room temperature for 30 min with
the vectastain Elite ABC kit (Vector Laboratories Burlingame,
CA). Color developed with 3,3-diaminobenzidine as the
substrate. Sections were counter-stained with Harris acid
hematoxylin to demonstrate the specificity of the immunostain
and the primary antibodies were replaced with similar protein
concentrations of normal rabbit IgG.
The PCNA, cyclinD1 protein expression of the endoscopic
biopsy and surgical specimens were compared by two
histopathologists by the double-blind arrangement in
assessing the tumor response to radiotherapy. For cyclinD1
and PCNA, 1 000 tumor cells in five high-power fields
were counted respectively. PCNA index was the percentage
of nuclei stained positive. PCNA index greater than 25%
was taken as PCNA positive. PCNA index lower than 25%
was taken as PCNA-negative. For cyclinD1, positive cell
nucleus not found was taken as negative. When the percentage
of positive cell nucleus was greater than 30%, it was taken
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as strongly positive. Between the two levels, it was positive.
Therefore three grades were ascertained for cyclinD1
expression[5,9,10].
Analysis of DNA content
Cellular DNA analysis was performed on paraffin sections
cut 100 µm thick. The sections were stained with Feulgen
stain and examined using a microspectrophotometer by twowavelength method. Data processing was carried out with a
personal computer (HP-85, Hewlett-Packard, Palo Alto, CA,
USA). In each section, the mean DNA value of 20 stromal
lymphocytes was used as a control of the normal diploid
complement (2C). The relative DNA content as compared
with the 2C value was determined in 100 tumor cells in
each lesion as previously described [11,12]. The DNA
distribution patterns were then classified into four types,
according to the degree of the peak and dispersion on the
DNA histogram, as follows: Type I, a prominent peak in
the 2C region with a dispersion to the 4C region, Type II, a
relative high peak in the 2C-3C regions with a dispersion
limited to the 6C region, Type III, a low peak beyond the
3C region with less than 20% of the cells beyond the 6C
region and Type IV, multiple peaks with a broad dispersion
and more than 20% of cells beyond the 6C region.
Statistical analysis
PCNA, cyclinD1 protein expression index and DNA
distribution pattern were analyzed and regarded in the clinicopathological features as determined by the χ2 test. Difference
between the cumulative survival rates of patient groups
were calculated by log-rank test for comparison of Kaplan–
Meier survival curves. The significance of various parameters
on survival were analyzed by multivariate Cox regression
model. A P value of 0.05 or less was considered statistically
significant (statistical software SPSS 10.0 for Windows).

RESUL
TS
RESULTS
Response to preoperative radiotherapy and the overall survival
of patients
All the patients had received preoperative radiotherapy
followed by definite surgical resection. The complete
response rate as shown by pathology was 29.8% (14/47)
for the entire group treated by preoperative radiotherapy
and 5-year survival rate was 71.4% (10/14) for 14 patients
with complete response by pathology. The overall survival
rates of all these patients in the 3, 5 and 10-years were
54.3%, 46.2% and 38.8%, respectively.
Expression of PCNA, cyclinD1 immunoreactivity and DNA
content in the tumor cells by histopathology
PCNA stain was almost entirely confined to the cell nuclei
and showed diffuse and granular pattern or a mixture of
both. While cyclinD1 stain was present in the cytoplasm
around the cell nuclei in most parts, and a few parts in the
tumor cell nuclei. At the same time, PCNA stain was observed
in the basal layer of stratified squamous epithelium in normal
tissue. In this study, all cyclinD1 present both in the stained
nuclei and the cytoplasm around them were considered as
protein expression positive carcinoma cells. We took both
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Types I and II DNA content as the low ploidy pattern and
Types III and IV as the high ploidy pattern.
Analysis of cyclinD1, PCNA expression and DNA distribution
pattern with regard to clinicopathological features and
prognosis
Kaplan-Meier method was used to analyze the single factors,
including age, sex, irradiation dose, location of disease, length,
and radiation response observed by pathology, T stage, N
stage, PCNA index, cyclinD1 protein expression and DNA
content pattern, e.g. Types I and II or Types III and IV
influenced the prognosis of esophageal carcinoma obviously.
0.05 was
The P value as checked by the log-rank test
taken as significant. Only the four preoperative radiotherapy
factors: radiation changes observed by pathology, T stage,
N stage and cyclinD1 protein expression before radiation
in the endoscopic biopsies; those observed in the surgery
rescected specimens showing, PCNA index, cyclinD1expression
level, DNA content pattern, revealed significant difference
(P<0.05, Table 1), whereas age, sex, total tumor dose, location
and length of disease possessed no value in prognosis.
Multiple varieties combined by Cox hazard risk model analysis
T stage, N stage, pathological changes after radiotherapy,
pre-radiotherapy cyclinD1 protein expression and postradiotherapy PCNA index, cyclinD1 protein expression and
DNA content pattern with Cox hazard risk regression model
were analyzed. The most significant factors were the postradiotherapy PCNA index and DNA content pattern
(specimens from surgical specimens). Furthermore, each
factor by single parameter analysis gave the most marked
prognostic difference, while multivariation considered by
Cox model, clearly affected the prognosis of esophageal
cancer patients (Table 2).
Analysis of esophageal squamous cell carcinoma by prognosis
index model
According to the formulation of prognosis index (PI) model
from statistic software, it was defined as 0 which had the
least influence on prognosis. Number 2 had the greatest
effect on prognosis .When the number was 1, the prognosis
was between 0 and 2. For example, T stage divided by T1,
T2, T3 would show difference on patients survival and we
gave them the number 0, 1, 2 respectively as shown in
Table 2. The group’s weight (0, 1, 2 or 0, 1) times the
coefficient of Cox regression model (β value). Then by
adding each group’s data results would give each patient’s
PI value, e.g., different factors (T stage, N stage, PCNA,
cyclinD1 expression, etc.) at the same weight number. For
example, all number 0 patients, or number 1 patients, or
number 2 patients would give the PI (prognosis index) value
for each patient (Table 3).
Different PI values give different prognosis
According to the distribution of PI values in all patients,
the four subgroups were divided according to different PI
values. PI values lower than 2.0, between 2.0 and 5.0, between
5.0 and 7.0 or higher than 7.0 may go stepwise further with
the median survival terms and 3-, 5-, 10-year survival rates
of the four subgroup patients would reveal significant
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Table 1 Relation between accumulated survival rates and clinicopathological and tumor cell protein expression pre- or post-radiotherapy
Factors

Patient number

Median (mo)

Mean (mo)

3 yr (%)

5 yr (%)

10 yr (%)

Log-rank

P

0.6705

0.2513

0.2317

0.4084

0.6470

0.2588

0.8864

0.1877

0.9653

0.1672

5.1450

0.0764

8.9800

0.0113

2.4170

0.0078

0.8880

0.1873

10.3990

0.0055

0.5158

0.3032

4.1124

0.00002

7.9215

0.0191

3.7074

0.0001

Sex
Male

28

48

76

60.7

49.7

38.2

Female

19

27

62

44.9

45.1

38.1

26

31

66.6

50.4

49.7

36.8

21

50

74.2

57.7

45.2

39.6

23

53

78.4

56.5

56.5

46.3

24

35.5

63.5

52.6

39.6

30.3

Age (yr)
50
>50
Total dose
35 Gy
>35 Gy
Site of lesion
Upper-thoracic

10

69.5

81.5

70.0

70.0

46.7

Middle-thoracic

37

31.0

67.9

50.2

41.7

35.4

39

48

77.1

58.1

50.1

41.4

8

22.5

40.0

37.5

37.5

18.8

Tumor length
7.0 cm
>7.0 cm
Pathological change
after radiation
Grade III

24

93

95.0

70.8

62.3

57.6

Grade II

15

26

49.3

40.0

40.0

16.0

Grade I

8

13

38.6

31.1

15.6

15.6

T1

11

135

112.9

90.9

81.8

61.9

T2

19

48

77.5

57.9

46.9

41.0

T3

17

19

36.1

26.0

26.0

17.3

N0

39

60

81.7

61.5

53.7

42.6

N1

8

12

17.6

16.7

16.7

0

T stage

N stage

Pre-radiotherapy PCNA
Low expression

21

35.5

67.4

50.0

42.0

32.9

High expression

26

48

75.1

60.4

55.2

44.2

Negative

21

135

106.3

80.9

71.4

61.6

Positive

20

19

46.2

32.5

32.5

24.4

Strong positive

6

24

28.7

33.3

16.7

0

I+II Type

10

98.5

88.9

60.0

60.0

50.0

III+IV Type

37

40.0

65.9

53.0

44.3

34.3

Pre-radiotherapy cyclinD1

Pre-radiotherapy
DNA content

Post-radiotherapy PCNA
Low expression

17

135

107.4

81.5

73.9

61.8

High expression

30

18

21.4

16.1

9.8

0

Post-radiotherapy cyclinD1
Negative

17

77

94.1

76.5

70.4

49.8

Positive

22

30

64.4

53.1

43.1

37.8

Strongly positive

8

21

39.0

12.5

12.5

12.5

I+II Type

23

135

110.7

87.0

78.3

60.2

III+IV III+IV Type

24

20

32.5

22.0

16.6

16.6

Pre-radiotherapy
DNA content

Prognostic parameters in 47 patients with SCC of esophagus.

Table 2 Independent predictors of survival in 47 esophageal SCC patients according to multivariate Cox regression analysis
Factors
Pathological radiation change’s
Surgical specimens T stage
Surgical specimens N stage
Pre-radiotherapy cyclinD
Post-radiotherapy cyclinD1
Post-radiotherapy PCNA
Post-radiotherapy DNA

Group

Group value

β value

SD

P

Risk

III/II/I Grades
T1/T2/T3
N0/N1
N/P/SP
N/P/SP
Low/high expression
I+II Type/III+IV Type

0/1/2
0/1/2
0/1
0/1/2
0/1/2
0/1
0/1

0.6405
0.7678
1.2957
0.8434
0.6538
2.0965
1.5593

0.2451
0.2737
0.4845
0.2564
0.2643
0.4720
0.4287

0.0090
0.0050
0.0075
0.0010
0.0134
0.0000
0.0003

0.1582
0.1744
0.1634
0.2139
0.1462
0.3032
0.2413
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Table 3 Formula for calculation of prognosis index with different indicator factors
Factors

Group

Pathological radiation change’s
Surgical specimens T stage

III/II/I Grades
T1/T2/T3
N0/N1
N/P/SP

Surgical specimens N stage
Pre-radiotherapy cyclinD

Group value (1)

β (2)

0/1/2
0/1/2

0.6405
0.7678

(1)x(2)
(1)x(2)

0/1
0/1/2

1.2957
0.8434

(1)x(2)
(1)x(2)

prognosis index (PI)1

Post-radiotherapy cyclinD1
Post-radiotherapy PCNA

N/P/SP
low/high expression

0/1/2
0/1

0.6538
2.0965

(1)x(2)
(1)x(2)

Post-radiotherapy DNA

I+II Type/III+IV Type

0/1

1.5593

(1)x(2)

Each prognosis indexes were added together.

Cumulative percent (%)

differences (Table 4, Figure 1). It was multiple variety
combined analysis, which showed a clear difference in
survival among the four subgroups.

100
80

log-rank = 21.88 P = 0.00007

60
40

PI< = 2.0 n = 17
PI 2.0-5.0 n = 8
PI 5.0-7.0 n = 10
PI>7.0 n = 12

20
0
0

20 40

60 80 100 120 140 160 180
Time (mo)

Figure 1 The survival curves with different PI value.

DISCUSSION
Cancer of the esophagus is the most common cancer in
northern China, for which current consensus of treatment
varies from surgery, radiotherapy, chemotherapy, and
endoscopic laser surgery or their combination. The outcome,
however, remains dismal because most patients are seen
with advanced disease on diagnosis[13-15]. Thus, what the
majority of patients need is a multimodality program. Yet
how to know which patients really need which modality is
still an open focus. Nevertheless, traditional prognostic
factors: T stage, N stage are basically the most important.
Yet up to now, their application has merely been used by
the surgically treated patients. For conservative treatment,
besides the TNM classification system, additional variables
such as biological staging for the intrinsic malignant potential
of the tumor, are to be useful to determine the treatment
and long-term survival[16].
Recently, with rapid advance in biological and genetic
studies, more and more tumor markers are being correlated

with tumor characteristics[8]. The ability to predict, on the basis
of immunocytochemical assessment of pretreatment biopsy,
which patients are likely to respond to chemoradiotherapy
would be a major advance in the management of cancer
patients. Thus, it is possible to provide the most adequate
protocol for different patients by combining traditional
factors and the markers of tumor cells[16].
Several studies [8,9,15] have shown that high PCNA
expression in esophageal tumor is associated with a worse
prognosis in surgical patients and greater likelihood of
recurrence. However, such a report on PCNA, and cyclinD1
protein expression examined simultaneously in biopsy and
resected specimens of esophageal carcinoma has never been
seen. Nor possible correlation between PCNA, cyclinD1
protein expression and the traditional prognostic factors (T
stage, N stage) to chemoradiotherapy has never been
investigated. Immunohistochemical detection of PCNA
being simple and useful for the study of cell kinetics, allows
the retrospective evaluation of the proliferating state of
the tumor as it can be used in conventionally fixed materials.
Many authors[17,18] showed the higher PCNA index patients
usually gave the worse prognosis with local recurrence. In
the past years, it has been proved that the combination of
PCNA index with the AgNOR count appears to be an
effective means of identifying patients with poor prognosis.
For patients with a PCNA index of
44 and AgNOR
6, multidisciplinary treatment should be
count of
recommended in an attempt to prolong survival. However,
in this study, PCNA index as checked by endoscopic biopsies
have not shown such influence on survival[9].
Furthermore, we have found PCNA protein expression
to be significantly high in surgically resected specimens with
PCNA index 63.8% (30/47) compared to the endoscopic
biopsy before radiation 55.3% (26/47). At the same time,
patients with high PCNA index in the surgically resected
specimens had the worse prognosis. PCNA protein expression
examined after radiotherapy made a significant difference
to esophageal cancer prognosis. The repopulation of tumor
cells after radiation may exist which results in local recurrence
of esophageal carcinoma after radiotherapy.

Table 4 Median survivals and survival rates with subgroups divided by prognosis index (%)
Prognosis indexes
<2.0
2.0-5.0
5.0-7.0
>7.0

Number patients
17
8
10
12

Median month
146
93.5
20
13

3 yr

5 yr

10 yr

100
50
30
9.6

88.2
50
30
0

69.7
50
0
0
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The most important advantage of PCNA, cyclinD1
immunohistochemical assay is that the analysis changes are
restricted to the tumor cells. In contrast, flow cytometry
assay, all cells in the tissue block are measured and in DNA
diploid cases, this means that SPF reflects the sum of cell
proliferation that estimates the malignant and benign (stromal
and inflammatory cells) components[9].
Most studies [6,19] reported patients with cyclinD1
amplification and protein expressions had a poor outcome
and a higher incidence of distant metastasis than those in
amplification-negative or protein expression-negative groups.
The surgical survival rates and disease-free survival in the
high cyclinD1 expression group were significantly shorter
than in the cyclinD1 low or non-expression group. CyclinD1
amplification and protein expression in patients with SCC
of the esophagus would mean a grave biological malignancy.
Naiton et al.[20], reported 55 esophageal cancer patients with
a ratio of cyclinD1 protein-positive expression of 38% gave
a 5-year survival rate of 7%, as compared with the 5-year
survival rate of 59% in patients who showed cyclinD1 protein
negative expression (P<0.01). In 1998, Ishikawa[21] studied
cyclinD1 protein expression in esophageal SCC and observed
similar results. Our checked results showing higher cyclinD1
protein expression both in endoscopic biopsy and surgical
resected specimens also gave bad prognostic results (Table 1).
In our previous study, the clinical characteristics of patients
with SCC of the esophagus, such as outcome and distant
organ metastases, were found to be closely correlated with
cyclinD1 amplication and protein expression in the tumor
tissue. It was observed that parameters were independent
from clinicopathological factors for the outcome and
metastasis. It was the second highest partial regression
coefficient after the pN factor in the life table with Cox
proportional hazard model, and the probability rate was
significant[19,21]. In this study, the same results were obtained.
From Table 2, it is apparent that both the cyclinD1 protein
expression in biopsy and surgical specimens had a significant
effect on the prognosis of SCC of the esophagus. Specially,
cyclinD1 protein-positive expression in endoscopic biopsy
was the third highest partial regression coefficient after the
PCNA index and DNA content in the resected specimens
in multivariate analysis using the Cox proportional hazard
model. We speculate that the cyclinD1 protein prognostic
value maybe relatively high as the most useful factor for
predicting the outcome in SCC of the esophagus in the
previous study, e.g., pN factor and pT. According to the
results of both univariate and multivariate analyses, the fact
that patients with cyclinD1 protein-positive had a poor
outcome in every group implies this agent is a useful prognostic
indicator in esophageal carcinoma. Hence, it may very well
supplement the TNM classification for predicting clinical
characteristics and outcome, especially for patients who are
destined to undergo non-operative treatment. For these
patients, TNM classification could hardly be of any assistance
to offer an endpoint and select more appropriate protocol
for patients with SCC of the esophagus. By checking cyclinD1
protein expression level, the ultimate combined TNM
classification could thus be perfected.
The essence of cell division really is the DNA replication
and changes of DNA distribution pattern which predict
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tumor cell proliferation kinetics. Here cytophotometric
technique is to analyze the DNA content pattern both in
endoscopic biopsy and resected specimens. The most important
advantage of DNA content checked by cytophotometric
method is that the analysis is restricted to the tumor cells, as
compared to flow cytometry, by which all cells in the tumor
tissue are measured .It reflects the sum of cell proliferation
which estimates both malignant and benign (stromal cell
and inflammatory cell) components[9]. In clinical esophageal
carcinoma, high-ploidy tumors grow more rapidly than lowploidy ones and the duration from curative esophagectomy
to recurrence decreases in proportion to the degree of DNA
aneuploidy, a view believed by many authors.
During early years, some authors[9,11,22] reported the
relationship between DNA content of a variety of human
cancer cells and their malignant potential as measured by
cytophotometric analysis, most of who reported that such
measurement are useful in elucidating the pattern of tumor
progression or the prognosis with most of the results being
negative between DNA content and long-term survival. For
example, Miun et al.[22], reported 78 esophageal cancer patients
who gave 5-year survival rate of 14% and 57% in high
DNA content and low DNA content groups with statistical
significance in the difference (P = 0.03). Matsuura[11] found
that not one patient survived over 5 years in DNA triploids
or tetraploidy, but the 5-year survival rate was 70% in DNA
diploidy patients. Our study shows no influence on survival
or prognosis by biopsy DNA content measurement. The
measured results may have been inaccurate due to the very
small size of biopsy specimens. From Tables 1 and 2, the
surgically resected specimens gave DNA content measurement
showing significant correlation between the results and the
prognosis of SCC of esophagus as assessed by univariate
and multivariate analyses. This result conforms well to most
of the studies reported so far[9,11].
Through combination of the traditional prognostic
factors and tumor cell markers, the radiation pathological
changes, T stage, N stage, cyclinD1, PCNA protein expression
and DNA content as analyzed by Cox proportional hazard
model, it is found that patients with grade III pathological
changes, T1 stage, N0 stage, cyclinD1 protein-negative, lower
PCNA index and DNA content pattern Types I and II, give
higher long-term survival than the control groups.
With the total patients divided into four subgroups
according to the formulation of prognosis index model,
prognosis is observed to be worse with higher prognosis
index, giving significant difference in spite of the few patients
allotted. This result clearly demonstrates the evaluation of
SCC of esophagus by prognosis index model with multivariate
factors is dependable and accurate.
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Abstract
AIM: To observe the anti-cancer effect of iNOS selective
inhibitor (aminoguanidine, AG) and investigate the relationship
between iNOS inhibitor and angiogenesis, infiltration or
metastasis in MFC gastric cancer xenografts.
METHODS: Fifty athymic mice xenograft models were
established by inoculating gastric cancer cell MFC
subcutaneously. Twenty-four hours later, 0.9% sodium
chloride solution, mitomycin, low dosage AG, high dosage
AG, mitomycin and AG were administered by intraperitoneal
injection respectively. Thus these mice were divided into
five groups of 10 each randomly: control group, MMC group,
AGL group, AGH group, MMC+AGH group. Two weeks later
the mice were killed, and the tumor weight, inhibitory rate
were evaluated. Greiss assay was used to detect the nitric
oxide levels in plasma. HE and immunohistochemistry
staining were used to examine microvessel density (MVD)
and the expression of iNOS, VEGF, and PCNA. Apoptosis
was detected by using TUNEL assay.
RESULTS: The inhibitory rates in MMC+AGH group and
AGH group were 52.9% and 47.1% respectively, which is
significant statistically compared with that of control group
(0). In treatment groups, the cell proliferation index (PI)
was lower and apoptosis index was higher than those of
control group. Microvessel density, iNOS, and VEGF in
MMC+ AGH group were 8.8±2.6, 2.4±1.1, and 2.1±1.4
respectively, which is significant statistically compared
with those of control group (68.3±10.6, 11.3±1.3, and
10.3±1.6). The NO level in plasma of MMC+ AGH and AGH
group were 12.7±2.1 and 12.9±2.0 µmol/L. Compared with
that of control group (46.6±2.3 µmol/L), the difference is
statistically significant.
CONCLUSION: AG has anticancer effect on gastric cancer,
and it has positive synergistic effect with chemotherapeutic
drugs. It may play important inhibitory roles in angiogenesis
of gastric cancer. The anticancer effect of iNOS inhibitors

http://www.wjgnet.com/1007-9327/11/3830.asp

INTRODUCTION
The incidence of gastric cancer is high in China, and more
than 170 000 people die of it each year[1]. It is significant if
certain drugs are found to lower its incidence, even prevent it.
To date, we know that carcinogenesis has intimate
correlation with angiogenesis[2-4]. So to reduce angiogenesis
probably may inhibit the growth and development of tumors[5].
It is well known that vascular endothelial growth factor
(VEGF) is an important angiogenesis factor[6,7]. We have
proved that inducible nitric oxide synthase (iNOS) can induce
the expression of VEGF in gastric cancer, and microvessel
density (MVD) can increase with the enhancement of iNOS
and VEGF [8-10]. So VEGF and iNOS both can induce
angiogenesis. So if the activity of iNOS is inhibited, tumor
angiogenesis may be reduced. As a result the growth and
development of tumors will be inhibited. Although the roles
that iNOS inhibitors play in various tumors and their
mechanisms are being widely studied recently, few people
have gone deep into in vivo experiment. Based on in vitro
cytologic experiments, this study went further into in vivo
experiment to confirm the anticancer effect of iNOS inhibitor
(aminoguanidine, AG).
MA
TERIALS AND METHODS
MATERIALS
Animals and cell line
Fifty Kunming mice (25 females, 25 males) weighing 20-25 g
were purchased from Experimental Animal Center of Jilin
University. Mice were maintained under specific pathogenfree conditions and fed with sterilized food and autoclaved
water. Human gastric cancer cell line MFC was purchased
from Shanghai Tumor Cell Research Institute.
Agents
Greiss reagent and AG were purchased from Sigma (St.
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Louis, USA). Immunohistochemical S-P kit and polyclonal
antibodies to iNOS, VEGF, PCNA, and FVIIIRag were all
from Fuzhou Maxim Biotechnical Company (Fuzhou, China).
Animal experiment procedure
Each mouse was inoculated with a subcutaneous injection
of MFC cells (2×106 in 0.2 mL PBS) into the left hind legs.
Then these mice were divided into 5 groups of 10 each
according to different agents which were administered to
mice by intraperitoneal injection for 14 d. These agents
included 0.9% sodium chloride solution (control group),
mitomycin (MMC group, twice a week 0.7 mg/kg), low
dosage of AG (AGL group, 50 mg/(kg d)), high dosage
of AG (AG H group, 150 mg/(kg d)) and MMC+AG H
group (MMC twice a week 0.7 mg/kg, AG 150 mg/(kg d)).
On the 15th d the mice were killed. The blood was taken
from abdominal aorta, then centrifuged for plasma to detect
NO level by Greiss assay. All tumors were resected from
the body and weighed. The inhibitory rate was deduced
according to the formula: inhibitory rate (%) = (1-tumor
weight of treatment group/tumor weight of control group)
×100%. Then the tumors were fixed in 40 g/L phosphatebuffered formaldehyde.
HE and immunohistochemical staining
Streptavidin-peroxidase (SP) method was used to detect
MVD and the expression of iNOS, VEGF and PCNA.
The formalin-fixed tissues were embedded in paraffin, and
sectioned at a thickness of 4 µm. The sections were
deparaffinized and hydrated gradually and examined by
histology of HE staining, immunohistochemistry, and TUNEL
technique respectively. Sections were heated in a microwave
oven for 15 min to retrieve antigens. Endogenous peroxidase
was blocked with 3 mL/L hydrogen peroxide methanol for
10 min at room temperature. After washing with phosphatebuffered saline (0.01 g/L, pH 7.4) for 3 min×5 min, the tumor
sections were incubated with normal non-immune serum
from bull for 15 min at room temperature to eliminate
non-specific staining. The sections were then incubated with
the primary antibody against iNOS, VEGF, PCNA, and
FVIIIRag (dilution 1/100) for 60 min at room temperature,
washed with PBS for 3 min×5 min, and incubated with the
secondary antibody for 15 min followed by avidin-biotinperoxidase for 15 min at room temperature. Finally, the
slides were washed for 3-15min with PBS, visualized with
DAB reagent and counterstained with hematoxylin. Negative
and positive controls were used simultaneously to ensure
specificity and reliability of the staining process. The negative
controls were performed by substituting the primary antibody
with PBS, and a positive section supplied by the manufacturer
of the staining kit was taken as positive control. Sections
were observed under microscope after being mounted. High
vessel density was found in 100×sights. Microvessels in 10
hot regions were counted in 400×sights, and the average
of microvessels with FVIIIRag staining in 10 hot regions
was calculated as MVD. Positive staining with iNOS, VEGF
and PCNA were defined by brown staining of cytoplasm.
The staining degree was calculated quantitatively with CIMA400 Colorful Image Assay System which can calculate the
percentages of positive staining region of the whole region.
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The percentage of positive cells with PCNA staining in five
400×sights was counted as proliferation index (PI).
Apoptosis detection by TUNEL method
The reagent kit for apoptosis detection, TdT-FragEL DNA
fragmentation detection kit was bought from ONCOGENE.
Test procedures consisting of the following sections were
provided in the brochure of the kit. The specimens were
deparaffinized and hydrated gradually, and rinsed with
1×TBS, then incubated with proteinase K (20 µg/mL
in 10 mmol/L Tris-HCl) for 20 min. After immersed in
30 mL/L H2O2 at room temperature for 5 min and in TdT
labeling reaction mixture at 37 for 1.5 h, specimens were
covered with 1×conjugate for 30 min, visualized by DAB
and counter-stained by hematoxylin afterwards. TBS took
the place of primary antibodies as a negative control. After
being mounted, sections were observed under microscope.
The results of staining were analyzed and evaluated with
American Image-Pro Plus software. The percentage of
positive cells with TUNEL staining in five 400×sights served
as apoptosis index (AI).
Statistical analysis
All data were presented as mean±SD. The results were
compared by one-way analysis of variance (ANOVA). All
statistical calculations were performed with the SPSS11.0
software package. A P value less than 0.05 was regarded as
statistically significant.

RESUL
TS
RESULTS
Effect of AG on tumor growth
The tumor volume of MMC group on the 7 th d was
(383.4±179.3) mm3, and on the 10th d those of AGH and
MMC+AG H groups were (382.8±132.8) mm 3 and (50.0
±16.6) mm3 respectively. The tumor cell proliferation was
almost completely suppressed. On the 14th d the tumor
weight of control group was (1.7±0.5) g, and those of MMC,
AGH and MMC+AGH groups were (1.0±0.2), (0.9±0.3) and
(0.8±0.2) g, respectively. Compared with control group, the
difference was significant statistically (P<0.01). The NO
level of plasma in AGL, AGH and MMC+AGH groups were
lower than that of the control group, and there was doseeffect relationship. The difference was significant statistically
(P<0.05, Table 1).

Table 1 Inhibitory effects of AG on transplanted stomach cancer in
mice (n = 10, mean±SD)
Group

Concentration of NO
in plasma (µmol/L)

Weight of tumor (g)

Inhibition rate (%)

Control
MMC

46.6±2.3
42.1±2.3

1.7±0.5
1.0±0.2b

41.2

AGL
AGH

17.3±2.0b
12.9±2.0b

1.1±0.3a
0.9±0.3b

35.3
47.1

MMC+AGH

12.7±2.1b

0.8±0.2b

52.9

a

P<0.05, bP<0.01 vs control group.

Expression of iNOS and VEGF and their correlation with MVD
MVD has positive correlation with iNOS and VEGF
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respectively. The coefficient of product-moment correlation
r VEGF = 0.80, r iNOS = 0.85, P<0.05. The linear regression
equation is YVEGF = 2.3565+0.1087X, n = 46, YiNOS = 1.8485
±0.1227X, n = 46. Student’s t test, P<0.05 (Table 2).

Table 2 Effects of AG on the microvessel density, the expression
of iNOS and VEGF in tumor (n = 10, mean±SD)
Group

iNOS

VEGF

MVD

Control
MMC

11.3±1.3
9.3±1.8a

10.3±1.6
8.9±2.1

68.3±10.6
56.9±10.3

AGL
AGH

7.1±1.7a
3.8±0.9b

7.6±1.2a
4.8±1.6b

44.4±16.5a
21.2±12.4 b

MMC+AGH

2.4±1.1b

2.1±1.4b

8.8±2.6b

P<0.05, bP<0.01 vs control group.

a

HE staining
In AG and MMC+AGH groups many necrotic cells were
seen and many inflammatory cells were invasive. The tumor
tissues were separated by necrosis regions. In MMC group
diffusely necrotic tissues could be seen. However, in control
group there were a few nuclear mitotic phases in tumor
cells and in tumor tissues few muscle fibers could be seen
(Figures 1A and B).
Immunohistochemical staining
MVD and the expression of iNOS and VEGF in AG groups
were apparently lower than those in the control (P<0.01).
The difference was significant statistically. This revealed
that AG could suppress angiogenesis of MFC xenografts.
(Table 2, Figures 1C-H).
Cell proliferation and apoptosis
PI of control group was significantly higher than that of AG
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group and MMC+AGH group (P<0.05), but the difference
was not notable between treatment groups. AI in treatment
groups was higher than that in the control group (P<0.05),
while there was also no difference between the treatment
groups. The AI/PI value was calculated and compared
among all groups. Consequently, it was apparently larger in
treatment groups (P<0.01), however no difference was
shown between them (data not shown).

DISCUSSION
NO which has many bilological functions is a cytokine in
mammifer[11]. It is synthesized from L-Arginine by iNOS
which is the only rate-limiting enzyme[12]. It involves a serial
physiological and pathological process, such as carcinogenesis.
NO can induce angiogenesis, but the mechanisms are not
clear[13-16]. However, several researches have revealed that
NO can regulate the roles of VEGF in inducing angiogenesis
by stimulating vascular endothelial cell proliferation and
migration and improving vascular penetration[17-20]. VEGF
can increase the activity of iNOS[6,7]. So iNOS and VEGF
have positive correlation[8-10]. It has been observed that iNOS
is highly expressed in many human tumors, such as colon
cancer, gastric cancer, ovarian cancer, breast cancer, etc.[21]. In
our previous study we have observed that the expression
of VEGF and iNOS in gastric cancer presents positive
correlation[8-10]. This indicates that iNOS plays an important
role in the expression and activity of VEGF. We also found
that iNOS and VEGF have positive correlation with the
clinicopathological characteristics of gastric cancer, such as
infiltration, lymphatic or hematogenous metastasis, etc. At
the same time MVD was higher with the enhancement of
VEGF and iNOS. This revealed that iNOS and VEGF can
induce angiogenesis in gastric cancer[8-10,21].
To explore the anticancer mechanisms of iNOS inhibitor
(aminoguanidine), in this study we evaluated the effect of

A

B

C

D

E

F

G

H

Figure 1 HE staining: morphology of tumor cells in AG group (A, original
magnification x100) and control group (B, original magnification x200);
immunohistochemical staining of tumor cells: the expression of FVIIIRag (C),

Volume 11

iNOS (E) and VEGF (G) in control group, and the expression of FVIIIRag (D),
iNOS (F) and VEGF (H) in AG group. (original magnification, x400).
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AG on tumor cell proliferation and apoptosis in xenografts.
The AI/PI, a value reflecting cytokinetics, showed a more
significant difference. Finally it is shown that compared with
control group, the inhibitory rate of treatment groups are
apparently higher. We also observed that AG obviously
decreases the expression of iNOS and VEGF, and reduces
MVD compared to that of control group. By immunohistochemistry (SP method) and Greiss assay we detected the
NO level in plasma. The results indicate that the anticancer
mechanisms of AG are mainly to inhibit the expression of
iNOS and reduce the NO level in plasma. Therefore, the
growth of tumor and angiogenesis are inhibited directly,
and MVD and the expression of VEGF are suppressed
indirectly. In this way the nutrition supply of the tumor is
impaired, and further cell proliferation is inhibited and cell
apoptosis is improved. These results are consistent with those
of Koh et al., They observed that AG could inhibit the activity
of iNOS in gastric cancer, and suppressed carcinogenesis.
At the same time AG and COX-2 selective inhibitors could
obviously inhibit the activity of iNOS and COX-2. So, the
primitive pathology of colon cancer (aberrant crypt foci,
ACF) is prevented.
Compared with traditional anticancer therapy, antiangiogenesis therapy has many superiorities. In this study the
effect of MMC group is similar to that of AG group.
However, the target of chemotherapeutic drugs is tumor
cells which have genetic instability and are apt to mutation
and drug-resistance, so the drug-resistance incidence of
chemotherapeutic drugs is 30%. And these drugs have many
toxic effects. In MMC+AGH group the anticancer effect is
the best which indicates that the effect of AG depends on
proper treatment opportunity and scheme. MMC and AG
have positive synergy. So certain drugs which can reduce
the NO level by inhibiting the expression and activity of
iNOS at cellular or genetic level probably may regulate the
NO level of tumor microvessel to inhibit carcinogenesis
and angiogenesis. And if combined with radiotherapy or
bioreactive modulators, it will play a more important role in
anticancer effect. This is the first part of a serial study, and
we will carry out the further study afterwards with molecular
biological technology, such as Southern blotting, Northern
blotting, RT-PCR, etc.
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hypermethylated at the hMLH1 promoter region.
Hypermethylation of the hMLH1 gene promoter was
significantly inversely correlated with mutation of the p53
gene.
CONCLUSION: These results suggest that cigarette
smoking and alcohol consumption may influence the
development of hMLH1-positive gastric cancer. Most
dietary factors and polymorphisms of GSTM1, GSTT1,
CYP1A1, CYP2E1, ALDH2, and L-myc genes are not
independent risk factors for gastric cancer with hypermethylation of the hMLH1 promoter. These data also suggest
that there could be two or more different molecular pathways
in the development of gastric cancer, perhaps involving
tumor suppression mechanisms or DNA mismatch repair.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Abstract
AIM: Hypermethylation of the promoter of the hMLH1
gene, which plays an important role in mismatch repair
during DNA replication, occurs in more than 30% of human
gastric cancer tissues. The purpose of this study was to
investigate the effects of environmental factors, genetic
polymorphisms of major metabolic enzymes, and
microsatellite instability on hypermethylation of the
promoter of the hMLH1 gene in gastric cancer.
METHODS: Data were obtained from a hospital-based,
case-control study of gastric cancer. One hundred and
ten gastric cancer patients and 220 age- and sex-matched
control patients completed a structured questionnaire
regarding their exposure to environmental risk factors.
Hypermethylation of the hMLH1 gene promoter,
polymorphisms of the GSTM1, GSTT1, CYP1A1, CYP2E1,
ALDH2 and L-myc genes, microsatellite instability and
mutations of p53 and Ki-ras genes were investigated.
RESULTS: Both smoking and alcohol consumption were
associated with a higher risk of gastric cancer with
hypermethylation of the hMLH1 gene promoter. High intake
of vegetables and low intake of potato were associated
with increased likelihood of gastric cancer with
hypermethylation of the hMLH1 gene promoter. Genetic
polymorphisms of the GSTM1, GSTT1, CYP1A1, CYP2E1,
ALDH2, and L-myc genes were not significantly associated
with the risk of gastric cancer either with or without
hypermethylation in the promoter of the hMLH1 gene.
Hypermethylation of the hMLH1 promoter was significantly
associated with microsatellite instability (MSI): 10 of the
14 (71.4%) MSI-positive tumors showed hypermethylation,
whereas 28 of 94 (29.8%) the MSI-negative tumors were

Key words: Gastric cancer; Environmental carcinogens;
Genetic polymorphisms; hMTLH1; Microsatellite instability;
p53; Ki-ras
Nan HM, Song YJ, Yun HY, Park JS, Kim H. Effects of dietary
intake and genetic factors on hypermethylation of the hMLH1
gene promoter in gastric cancer. World J Gastroenterol
2005; 11(25): 3834-3841

http://www.wjgnet.com/1007-9327/11/3834.asp

INTRODUCTION
Gastric cancer is the most common cancer among Koreans.
Environmental factors including cigarette smoking and
dietary intake have been implicated in the etiology of gastric
cancer[1-4]. Genetic polymorphisms of xenobiotic-metabolizing
enzymes can also affect susceptibility to cancer. Several studies
have reported that the genetic polymorphisms of metabolic
enzymes, such as cytochrome p450 2E1 (CYP2E1) [5] ,
glutathione S-transferase mu 1 (GSTM1)[6], glutathione Stransferase theta 1 (GSTT1)[7], aldehyde dehydrogenase 2
(ALDH2)[8], and L-myc proto-oncogene[9], and mutations
of p53 [10] and Ki-ras [11] genes are associated with the
development of gastric cancer.
Promoter hypermethylation is an alternative mechanism
of gene inactivation in carcinogenesis[12]. Several studies have
suggested that aberrant methylation of the promoter causes
transcriptional silencing of some important suppressor genes,
such as p16[13], E-cadherin[14], and von Hippel Lindau (VHL)
gene[15], and this has been implicated in the carcinogenic
process in many cancers[12]. In addition, it was recently shown
that hypermethylation of gene promoters increases along
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the pathway of development from chronic gastritis, intestinal
metaplasia, and adenomas to carcinomas of the stomach[16,17].
The hMLH1 protein, a mismatch repair enzyme, maintains
the fidelity of the genome during cellular proliferation. It
has no known enzymatic activity and probably acts as a
‘molecular matchmaker’, recruiting other DNA-repair
proteins to the mismatch repair complex[18]. Dysfunction of
a mismatch repair system such as hMLH1 and hMSH2 could
alter microsatellites, short tandem repetitive sequences[19].
Several reports have suggested that hypermethylation of
the hMLH1 promoter correlates with a loss of expression
of the gene, resulting in microsatellite instability in gastric
cancer[20,21].
There is evidence that diet may be associated with
hypermethylation of the hMLH1 gene promoter in gastric
cancer. Aberrant hypermethylation of the hMLH1 gene
promoter is frequently observed in cancers of digestive
organs such as the colon, rectum, and stomach[21,22], and
decreased levels of folate, vitamin C, and niacin can induce
hypermethylation of gene promoters[23]. These facts led us
to hypothesize that genetic polymorphisms and environmental
factors, such as cigarette smoking, alcohol consumption,
and diet, may interact during the hypermethylation of the
hMLH1 gene promoter and in the carcinogenesis of gastric
cancer. We studied the association between hypermethylation
of the hMLH1 gene promoter and environmental factors,
genetic polymorphisms of major metabolic enzymes, genetic
mutation of p53 and Ki-ras genes, and microsatellite
instability in gastric cancer.

MA
TERIALS AND METHODS
MATERIALS
Subjects
One hundred and ten individuals with gastric cancer and
220 age-matched (within 3 years) and sex-matched controls
were enrolled in this study. Cases of cancer were all
histologically confirmed from February 1997 to June 2002
at Chungbuk National University Hospital and Eulji
University Hospital, Korea. Control subjects were selected
from patients newly diagnosed with diseases other than
cancer at the same hospitals or from individuals receiving
routine medical examinations in Chungbuk National
University Hospital. Table 1 shows the age and gender
distribution of the subjects according to hypermethylation
of the hMLH1 gene promoter. The mean±SD ages were
59.81±11.23 years for cases and 59.60±11.03 years for
controls. This study was conducted in accordance with the
recommendations outlined in the Declaration of Helsinki
and all subjects provided written informed consent.
Table 1 Gender and age distribution of cases and controls

Gender
Male
Female
Age (yr)
–39
40–49
50–59
60–69
70–

Cases

Controls

70
40

140
80

6
11
34
40
19

12
22
68
80
38
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Exposure to environmental factors
Trained interviewers interviewed subjects using a structured
questionnaire within a month after the diagnosis of gastric
cancer or benign diseases or at the time of the hospital visit
for control subjects undergoing routine medical examination.
The questionnaire included questions on demographic
factors, smoking habits, alcohol consumption, and diet.
Dietary data were collected using a semiquantitative food
frequency table previously evaluated for validity and
reliability[24]. All subjects were asked about their average
frequency of consumption and portion size of 89 common
food items during the year preceding the interview. These
items were classified into 21 food groups having similar
ingredients. The 21 food groups were as follows: cereals;
potato; nuts; noodles; breads and cakes; vegetables;
mushrooms; fruits; meats; eggs; fishes and shellfishes; stews;
chicken; kimchi; soybean foods; soybean pastes; milk and
dairy products; butter, cheeses, and margarine; jams, honey,
candies, and chocolates; coffee and tea; seaweeds; and
alliums.
The amount of calories, nutrients, vitamins, and minerals
consumed for each food item was estimated by multiplying
the intake amount of the food item and its nutrient value.
The total intake of calories, nutrients, vitamins, and minerals
was calculated for each subject by summing the respective
calories, nutrients, vitamins, and minerals for each food
item[25]. The intake amounts of these factors were adjusted
for caloric intake using the method of Willett et al.[26].
Analysis of genetic polymorphisms
Genomic DNA was isolated from peripheral leukocytes by
proteinase K digestion and phenol-chloroform extraction.
A multiplex polymerase chain reaction (PCR) method[27] was
used simultaneously to detect the presence or absence of
the GSTM1 and GSTT1 genes with slight modification. The
primers used were 5’-GAA GGT GGC CTC CTC CTT
GG-3’ and 5’-AAT TCT GGA TTG TAG CAG AT-3’ for
GSTM1, 5’-TTC CTT ACT GGT CCT CAC ATC TC-3’
and 5’-TCA CCG GAT CAT GGC CAG CA-3’ for GSTT1,
and 5’-CAA CTT CAT CCA CGT TCA CC-3’ and 5’-GAA
GAG CCA AGG ACA GTT AC-3’ for β-globin, the internal
reference gene. The PCR reactions were performed in 25 µL
of a solution containing 50 ng of genomic DNA, 1× PCR
buffer [50 mmol/L KCl, 10 mmol/L Tris-HCl (pH 9.0),
1.5 mmol/L MgCl2, and 0.1% Triton X-100], 5 pmoL of
each primer, 80 µmol/L each dNTP, and 2.0 units Taq
polymerase (Promega, Madison, WI). Amplifications were
carried out in a thermocycler (MJ Research, Watertown,
MA) as follows: 5 min of denaturation at 94 , followed
for 1 min,
by 35 cycles consisting of denaturation at 94
for 1 min, and extension at 74
for
annealing at 58
1 min. PCR products were separated on 2% agarose gels
with ethidium bromide. GSTM1 and GSTT1 genotypes were
not scored unless the PCR product of the β-globin gene was
evident.
The A4889G polymorphism in exon 7 of the CYP1A1
gene was analyzed for each subject as described previously[28].
Briefly, PCR was performed using the primers 5’-GAA CTG
CCA CTT CAG CTG TC-3’ and 5’-GAA AGA CCT CCC
AGC GGT CA-3’. The temperature program for the PCR
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reaction was slightly modified. After initial denaturation for
5 min at 94 , a thermal cycle consisting of denaturation
for 90 s at 94 , annealing for 90 s at 53 , and extension
for 30 s at 74 , was repeated 35 times. The PCR products
(187-bp fragments) were digested with HincII restriction
enzyme at 37 overnight and subjected to electrophoresis
on 12% polyacrylamide gels. PCR analysis resulted in the
following genotype classification: a predominant homozygote
(Ile/Ile), a heterozygote (Ile/Val), and a rare homozygote
(Val/Val).
The 5’-flanking region polymorphism of the CYP2E1
gene was analyzed using procedures described previously[29].
Briefly, PCR was performed using the primers 5’-CCA GTC
GAG TCT ACA TTG TCA-3’ and 5’-TTC ATT CTG TCT
TCT AAC TGG-3’. Initial denaturation was performed at
for 5 min, followed by 35 thermal cycles consisting
94
of denaturation for 1 min at 94 , annealing for 1 min at
53 , and extension for 30 s at 74 . The 410-bp PCR
overnight and
product was digested with RsaI at 37
subjected to electrophoresis on 2% agarose gels. The
genotypes of CYP2E1 were classified as follows: a
predominant homozygote (c1/c1), a heterozygote (c1/c2),
and a rare homozygote (c2/c2).
The MboII polymorphism of ALDH2 was identified
using a PCR-RFLP method [30] with slight modification.
Briefly, PCR was performed using the primers 5’-CCA CAC
TCA CAG TTT TCT CTT-3’ and 5’-AAA TTA CAG GGT
CAA CTG CT-3’. We used the same PCR conditions as in
the CYP1A1 gene analysis. The 134-bp amplicon was
overnight
digested with MboII restriction enzyme at 37
and subjected to electrophoresis on 15% polyacrylamide
gels. The genotypes of ALDH2 were identified as the
predominant homozygote (NN), the heterozygote (ND),
and the rare homozygote (DD).
The polymorphism of the L-myc gene was analyzed using
procedures described previously [31]. Briefly, PCR was
performed using the primers 5’-ACG GCT GGT GGA
GTG GTA GA-3’ and 5’-AAG CTT GAG CCC CTT TGT
CA-3’. Initial denaturation was performed at 94 for 5 min,
followed by 35 thermal cycles consisting of denaturation
for 45 s at 95 , annealing for 40 s at 60 , and extension
for 40 s at 74 . The amplified 613-bp PCR product was
directly digested with the restriction enzyme EcoRI at 37
overnight and separated by electrophoresis on 2% agarose
gels. The genotypes of L-myc were classified as follows: a
predominant homozygote (LL), a heterozygote (LS), and a
rare homozygote (SS).
Methylation-specific PCR for hMLH1 promoter
Tissue samples from gastric cancer patients were immediately
frozen and stored in liquid nitrogen until analysis. DNA
was extracted using a DNA extraction kit (Promega)
according to the manufacturer’s instructions.
The promoter methylation status of the hMLH1 gene
was determined by methylation-specific PCR (MSP), as
described previously[32]. MSP distinguishes unmethylated
from hypermethylated alleles in a given gene based on
sequence changes produced after bisulfite treatment of
DNA, which converts unmethylated, but not methylated,
cytosines to uracils. Briefly, 2 µg of genomic DNA was
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denatured by treatment with NaOH and modified by
sodium bisulfite. DNA samples were then purified using a
Wizard DNA Purification Resin (Promega), treated again
with NaOH, precipitated with ethanol, and resuspended in
water. Modified DNA was amplified using the primer pairs
as follows: 5’-TTT TGA TGT AGA TGT TTT ATT AGG
GTT GT-3’ and 5’-ACC ACC TCA TCA TAA CTA CCC
ACA-3’ for the unmethylated reaction (124-bp), and 5’-ACG
TAG ACG TTT TAT TAG GGT CGC-3’ and 5’-CCT CAT
CGT AAC TAC CCG CG-3’ for the methylated reaction
(115-bp)[32]. PCR was performed in a thermocycler (MJ
Research) as follows: 5 min of denaturation at 95 , then
for 30 s,
35 cycles consisting of denaturation at 95
for 30 s.
annealing at 55 for 30 s, and extension at 72
PCR products were separated on 6% polyacrylamide gels
with ethidium bromide. DNA from blood samples was used
as a negative control for hypermethylated hMLH1.
Microsatellite instability
Microsatellite instability (MSI) was examined using BAT25
and BAT26 mononucleotide microsatellite markers. PCR
was performed in a 25 µL reaction volume containing 50 ng
of genomic DNA, 1× PCR buffer, 5 pmoL of each primer,
80 µmol/L each dNTP, 2.0 units Taq polymerase (Takara,
Shiga, Japan), and 0.2 µCi of α- 32 P-labeled dCTP.
Amplifications were carried out as follows: 5 min of
denaturation at 95 , then 35 cycles consisting of
for 50 s, annealing at 58
for 90 s,
denaturation at 95
for 90 s. Two microliters of PCR
and extension at 72
product was electrophoresed on 6% denaturing polyacrylamide
gels containing 6 mol/L urea at room temperature. The
gels were dried and autoradiographed on X-ray film. MSIpositive results were identified when the mobility of the
microsatellite fragment amplified from tumor DNA differed
from the corresponding blood DNA. Tumors were
considered microsatellite instability-positive (MSI+) if
they manifested instability at one or two loci or microsatellite
instability-negative (MSI-) if no unstable microsatellite was
found.
Sequencing of p53 and Ki-ras genes
Reverse transcription (RT)-PCR and direct sequencing
methods were used to detect mutations in p53 and Ki-ras
genes. Briefly, tissues from gastric cancer patients were
homogenized and RNA was isolated using TRIzol solution
(Invitrogen Life Technologies, Grand Island, NY). RT-PCR
to amplify p53 and Ki-ras cDNA were performed using
reagents purchased from Promega. Specific primers
synthesized by Bioneer Company (Cheongju, South Korea),
Ex Taq polymerase (Takara), dNTPs, MgCl2, PCR buffer,
and cDNA template were mixed and then amplified for 40
for 30 s and at 72
for 1 min. The cDNA
cycles at 95
regions were amplified using primers 5’-TCT AGA GCC
ACC GTC CAG GGA G-3’ and 5’-AAC CTC AGG CGG
CTC ATA GGG CA-3’ for the +2-+810 region of p53,
and 5’-ACC AGG GCA GCT ACG GTT TCC GT-3’ and
5’-TCA GTC TGA ATC AGG CCC TTC TGT-3’ for the
+443-+1 317 region of p53. Exons 1 and 2 of the Ki-ras
gene were amplified using primers 5’-GAC TGA ATA TAA
ACG TGT GGT AG-3’ and 5’-ACT GGT CCC TCA TTG
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CAC TG-3’. Before the RT-PCR products were sequenced
by cycle sequencing, a PCR purification kit (Boehringer
Mannheim, Indianapolis, IN) was used to remove unwanted
reagents from the PCR reaction. The purified PCR products
were then directly cycle-sequenced using an ABI PRISM
3100 Avant Genetic Analyzer (Applied Biosystems, Foster
City, CA) according to the manufacturer’s instructions.
Data analysis
Calorie-adjusted intakes of foods, nutrients, vitamins, and
minerals were categorized into low- and high-intake groups
based on the median values of the control population.
Alcohol consumption per week was calculated from questions
about the types, frequency, and average amount of alcohol
consumed. Alcohol consumption was categorized into three
groups: none, 280 g of alcohol/week, and >280 g of
alcohol/week. Subjects who had smoked 20 cigarettes or
more during their life were classified as smokers and those
who had not were considered nonsmokers. Pack-year was
used as an index of cumulative smoking.
The purpose of the study was to determine if dietary
factors, genetic polymorphisms, MSI, and mutations of p53
and Ki-ras genes were associated with hypermethylation of
Table 2 Interaction between cigarette smoking and alcohol intake,
and hMLH1 gene promoter hypermethylation in gastric cancer
Controls
(n)

Cases without
Cases with
χ2trend
hMLH1 promoter hMLH1 promoter
hypermethylation hypermethylation
(n)
(n)
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the hMLH1 gene promoter. We used unconditional logistic
analysis to compare the risk of exhibiting or not exhibiting
hypermethylation of the hMLH1 promoter in tumors and
controls using the SAS System for Windows (Release 8.1).
P-values less than 0.05 were considered significant.

RESUL
TS
RESULTS
There were significant differences according to the smoking
history, pack-years, and higher weekly alcohol intake between
patients with gastric cancers with hypermethylation of the
hMLH1 promoter and controls (Table 2). As the amount
of cigarette smoking or alcohol drinking increased, the risk
of gastric cancer with the hMLH1 promoter hypermethylation
(Table 3).
High consumption of potatoes and butter, cheese and
margarine was associated with lower risk of gastric cancer
with hypermethylation of the hMLH1 promoter. In contrast,
consumption of vegetables was associated with higher risk
of gastric cancer with hypermethylation of the hMLH1
promoter. High intake of mushrooms and fruits and low
intake of cereals and butter, cheese and margarine were
associated with higher risk of gastric cancer without
hypermethylation of the hMLH1 promoter (Table 4).
Among the nutrients, vitamins, and minerals evaluated, high
intake of protein, phosphorus, potassium, vitamin C, zinc,
and calcium was associated with higher risk of gastric cancer
without hypermethylation of the hMLH1 gene promoter.
However, the intake of nutrients, vitamins, and minerals

Smoking history
Non-smoker

102

27

13

Smoker

117

42

24

Referent (1.00)

1.16 (0.62–2.17)

3.04a (1.29–7.19)

95

26

15

Odds ratio

3.827

Table 4 Distribution of controls and cases with or without promoter
hypermethylation of the hMLH1 gene according to their intake of
food groups which were statistically significant

Alcohol drinking
Never
Ever
Odds ratio

124

43

Referent (1.00)

1.07 (0.57–2.01)

Controls
(n)

Cases without
hMLH1 promoter
hypermethylation
(n)

Cases with
hMLH1 promoter
hypermethylation
(n)

Low

110

45

17

High

109

24

20

Referent (1.00)

0.56a (0.32–0.99)

0.94 (0.45–1.96)

Low

109

36

27

High

110

33

10

Referent (1.00)

1.00 (0.57–1.74)

0.30b (0.14–0.67)

Low

110

29

12

High

109

40

25

Referent (1.00)

1.42 (0.82–2.46)

2.17a (1.03–4.58)
18

1.327

22
2.11 (0.90–4.98)

a

Odds ratio was adjusted for age and sex. P<0.05 vs others.

Cereal

Odds ratio

Table 3 Interaction between amount of cigarette smoking and alcohol intake, and hMLH1 gene promoter hypermethylation in gastric
cancer

Odds ratio

OR1 (95%CI2)
Cases without
hMLH1 promoter
hypermethylation
vs controls

Cases with
hMLH1 promoter
hypermethylation
vs controls

Cumulative smoking
0

Potato

Vegetable

Odds ratio
Mushroom

1.00

1.00

Low

110

26

1–15

0.96 (0.38–2.41)

0.86 (0.22–3.41)

High

109

43

19

16–34

0.92 (0.44–1.93)

0.75 (0.24–2.38)

Odds ratio

Referent (1.00)

1.85a (1.05–3.27)

0.89 (0.43–1.83)

35–

0.39a (0.16–0.93)

3.17a (1.20–8.42)

χ2trend

1.202

13

6.344a

Fruit
Low

110

25

Ethanol uptake

High

109

44

24

per week (g/wk)

Odds ratio

Referent (1.00)

1.86a (1.06–3.27)

1.69 (0.81–3.54)

24

1.00

1.00

Butter, cheese,

280

0.58 (0.29–1.14)

1.35 (0.51–3.55)

and margarine

281

0.68 (0.30–1.53)

3.94a (1.21–12.80)

Low

110

49

0.830

5.419a

High

109

20

13

Referent (1.00)

0.45b (0.24–0.81)

0.44a (0.20–0.93)

0

χ2trend

Odds ratio
1

Odds ratio estimated using a conditional logistic analysis. 2Confidence
interval. aP<0.05 vs others.

Odds ratio was adjusted for age and sex. aP<0.05. bP<0.01 vs others.
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did not differ significantly between patients with gastric
cancers with the hMLH1 promoter hypermethylation, those
with gastric cancers without it, or controls (Table 5).
Genetic polymorphism of GSTM1, GSTT1, CYP1A1,
CYP2E1, ALDH2 and L-myc was not associated with
development of gastric cancers with the hMLH1 promoter
hypermethylation or those without it (Table 6).
Hypermethylation of the hMLH1 gene promoter was
detected in 35.2% of patients with gastric cancer, in 13.6%
of those with MSI, in 28.2% of those with mutations of
p53, and in 4.9% of those with the Ki-ras gene (data not
shown). Hypermethylation of the hMLH1 promoter
occurred in 10 of 14 MSI+ cases (71.4%) and in 28 of
94 MSI- cases (29.8%). We found a striking association
between hypermethylation of the hMLH1 promoter and
MSI (Table 7). Hypermethylation of the hMLH1 gene
promoter was significantly inversely correlated with mutation
of the p53 gene (Table 7).

DISCUSSION
Cigarette smoking and alcohol consumption have been
identified as risk factors for gastric cancer in some studies[33-36],
although others have not found a causal relationship between
these factors[37,38] . Data from our unconditional logistic
models showed that both cigarette smoking and alcohol
consumption play dominant roles in the development of
gastric cancer with hypermethylation of the hMLH1
promoter, but not in the development of cancer without
Table 5 Distribution of controls and cases with or without promoter
hypermethylation of the hMLH1 gene according to their intake of
nutrients, vitamins, and minerals which were statistically significant
Controls
(n)

Cases without
hMLH1 promoter
hypermethylation
(n)

Cases with
hMLH1 promoter
hypermethylation
(n)

Protein
Low
High
Odds ratio

109

25

18

110

44

19

Referent (1.00)

1.81a (1.03–3.17)

1.00 (0.49–2.02)

109

25

20

High

110

44

17

1.82a (1.03–3.19)

0.77 (0.38–1.57)

Low

109

22

15

High

110

47

22

Referent (1.00)

2.38b (1.32–4.26)

1.24 (0.60–2.56)

110

19

13

Number 25

Table 6 Distribution of controls and cases with or without promoter
hypermethylation of the hMLH1 gene according to the genetic polymorphisms of GSTM1, GSTT1, CYP1A1, CYP2E1, NAT2, ALDH2,
and L-myc
Controls
(n)

Cases without
hMLH1 promoter
hypermethylation
(n)

Cases with
hMLH1 promoter
hypermethylation
(n)

GSTM1
Undeleted
Deleted

90
130

Odds ratio
GSTT1

Referent (1.00)

Undeleted
Deleted

117
103

Odds ratio
CYP1A1

Referent (1.00)

Ile/Ile
Ile/Val+Val/Val
Odds ratio
CYP2E1

21
48
1.67 (0.93–3.00)

1.32 (0.76–2.29)

115
104

1.18 (0.56–2.47)
17
21
1.47 (0.72–2.98)

36
33
1.02 (0.59–1.77)

129
88

22
15
0.74 (0.36–1.52)

44
26

Odds ratio
ALDH2

Referent (1.00)

NN
ND+DD

139
79

Odds ratio
L-myc

Referent (1.00)

Low
High

13
25

32
37

Referent (1.00)

c1/c1
c1/c2+c2/c2

0.89 (0.51–1.56)

25
13
0.76 (0.37–1.59)

38
31
1.45 (0.83–2.52)

52
164

Odds ratio

Referent (1.00)

Odds ratio

Volume 11

hypermethylation of the promoter. This finding suggests
that smoking- or alcohol-related biological pathways leading
to the development of gastric cancer involve hypermethylation
of the hMLH1 promoter. Although it is unclear whether
smoking induces hypermethylation of the hMLH1 gene
promoter in humans, recent reports indicate an association
between DNA methylation and tobacco carcinogens in
animal models[39,40]. Previous studies have also shown that
smoking and alcohol consumption increase the risk of
developing microsatellite-unstable tumors[41,42].
The exact mechanism of DNA hypermethylation by
alcohol is unknown. However, it has been hypothesized that

Phosphorus
Low

July 7, 2005

26
11
0.73 (0.34–1.56)

20
48

Referent (1.00)

1.59 (0.86–2.92)

9
29
1.56 (0.61–3.99)

Odds ratio was adjusted for age and sex.

Potassium

Odds ratio

Table 7 Frequencies of mutations of the p53 and Ki-ras genes,
and microsatellite instability according to hMLH1 promoter
hypermethylation

Vitamin C
Low
High
Odds ratio

109

50

24

Referent (1.00)

2.78b (1.53–5.05)

1.74 (0.84–3.63)

110

23

15

Zinc
Low
High

109

46

22

Referent (1.00)

2.20b (1.23–3.91)

1.31 (0.64–2.70)

Low

110

22

15

High

109

47

22

Referent (1.00)

2.32b (1.30–4.14)

1.34 (0.65–2.76)

Odds ratio
Calcium

Odds ratio

Gene
P53
No

hMLH1 promoter hypermethylation
Yes (%)

No (%)

OR1 (95%CI2)

χ2

P

4.199

0.041

31 (81.58)

46 (65.71)

1.00

Yes
Ki-ras

7 (18.42)

24 (34.29)

0.34 (0.12–0.95)

No
Yes

37 (97.37)
1 (2.63)

58 (93.55)
4 (6.45)

1.00
0.47 (0.05–4.72)

0.407

0.524

MSI
No

28 (73.68)

66 (92.86)

1.00

7.458

0.006

Yes

10 (26.32)

4 (7.14)

3

1

Odds ratio was adjusted for age and sex. aP<0.05, bP<0.01 vs others.

6.19 (1.67–22.88)

Odds ratio was adjusted for age and sex. 2Confidence interval. 3Microsatellite
instability.
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alcohol could influence carcinogenesis by influencing mucosal
cell proliferation and related histological changes[43]. These
changes have been associated with mucosal hyperregeneration, which may make the mucosa more susceptible
to the action of other carcinogens such as cigarette smoke[43].
Therefore, alcohol consumption might increase the bioavailability of DNA-binding smoke components in the
mucosa of the upper digestive tract, increasing the plasma
levels of these compounds, or might modify the metabolism
of pro-carcinogenic compounds by inducing specific
metabolic pathways involving an aberrant mismatch repair
system[44].
Folate deficiency is associated with hypermethylation of
the H-cadherin promoter[45]. However, we found no significant
association between folate intake and hypermethylation of
the hMLH1 promoter. Su and Arab reported that low folate
intake is aggravated by high alcohol intake[46], probably
because folate is degraded by acetaldehyde, an intermediate
metabolite of alcohol[47]. van Engeland et al., suggested that
intake of folate and alcohol is associated with changes in
promoter hypermethylation in colorectal cancer[48]. Our data
showing that alcohol intake increased the risk of gastric
cancer with hypermethylation of the hMLH1 promoter are
consistent with these previous reports.
Most dietary factors, nutrients, vitamins, and minerals
are not associated with gastric cancer with hypermethylation
of the hMLH1 promoter, although we found that a high
intake of vegetables and low intake of potato and butter,
cheese, and margarine were associated with increased
likelihood of gastric cancer without hypermethylation of
the hMLH1 promoter, and high intake of mushrooms and
fruits and low intake of cereals and butter, cheese and
margarine were associated with higher risk of gastric cancer
without hypermethylation of the hMLH1 promoter. We
cannot be certain that these results did not occur by chance,
given the low number of comparisons. However, we
observed that different dietary factors selectively affected
the pathways to gastric cancer with or without hypermethylation
of the hMLH1 promoter. For example, a high intake of
butter, cheese, and margarine was associated with a lower
risk of gastric cancers either with or without hypermethylation
of the hMLH1 promoter. These findings agree with
epidemiological data showing a relatively low incidence of
gastric cancer in countries with consumption of high butter,
cheese, and margarine[49]. Based on these facts, it could be
suggested that butter, cheese and margarine decrease the
risk of gastric cancer regardless of the hMLH1 promoter
hypermethylation.
It has been reported that vitamin C can induce
hypermethylation of gene promoters[23]. However, a higher
intake of vitamin C is associated with an increased risk of
gastric cancer in this present study. One of the main vitamin
C sources for Koreans is kimchi, which has been reported
as a potent risk factor for gastric cancer in some Korean
epidemiologic studies[3]. Therefore, kimchi intake increases
vitamin C intake amount, and, at the same time, the risk of
gastric cancer.
Few epidemiological studies on gastric cancer have
included genetic polymorphisms in the analysis or evaluated
the association between genetic polymorphisms and
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hypermethylation of the hMLH1 gene promoter. Several
studies have reported an independent, increased risk of
gastric cancer for the GSTM1 null[7], GSTT1 null[6], CYP2E1
c1/c2 or c2/c2[50], *2-allele containing ALDH2 genotypes[9],
and shorter (s) allele-containing L-myc[10] genotypes. However,
other studies have not found any association between gastric
cancer and these genotypes[51-53]. We found no significant
association between polymorphisms of GSTM1, GSTT1,
CYP1A1, CYP2E1, ALDH2, and L-myc and the risk of
gastric cancer with or without hypermethylation of the
hMLH1 promoter. These findings suggest that the genetic
polymorphisms of the GSTM1, GSTT1, CYP1A1, CYP2E1,
ALDH2, and L-myc genes might not be independent risk
factors, but could act as effect modifiers of the risk of gastric
cancer through environmental factors, such as dietary intake.
We examined the mononucleotide repeats BAT25 and
BAT26 to detect genuine MSI because these repeats are
considered as ideal diagnostic markers. Mononucleotide repeats
are sufficient for the diagnosis of true MSI[54]. A consensus
mononucleotide locus, BAT26 is altered in all tumors with
genuine MSI[55,56]. We found that 10 of the 14 MSI+ gastric
cancer cases (71%) in our patients were hypermethylated
in the promoter region of hMLH1. We found a significant
association between hypermethylation of the hMLH1
promoter and MSI+ gastric carcinoma (P = 0.006), which
is consistent with previous reports[21,57].
Point mutations in the p53 tumor suppressor gene[58,59]
and ras oncogenes[60,61] are frequently found in human and
rodent tumors. Mutations of the p53 and Ki-ras genes were
detected in 28.2% and 4.9% of our patients with gastric
cancer, respectively. We also found a significant inverse
association between hypermethylation of the hMLH1 gene
promoter and p53 mutations. Previous studies have reported
a significantly lower incidence of p53 gene alterations in MSI+
gastric cancer, in MSI+ colorectal cancers, and in colorectal
cancer cell lines [62,63] than in MSI- gastric cancer [64,65] .
Together, these data confirm the existence of alternative
genetic pathways for gastric cancer, such as the classical
‘tumor suppressor’ pathway and the ‘mismatch repair’
pathway.
In conclusion, despite its limited size, this study suggests
that cigarette smoking and alcohol consumption are
significantly associated with higher risk of gastric cancer
having hypermethylation of the hMLH1 promoter.
Polymorphisms of GSTM1, GSTT1, CYP1A1, CYP2E1,
ALDH2, and L-myc genes were not associated with gastric
cancers either with or without hypermethylation of the
hMLH1 promoter, suggesting that these polymorphisms
operate along disease pathways other than those involving
the mismatch repair system in gastric cancer. Our data also
highlight the importance of aberrant methylation of the
hMLH1 promoter in causing MSI in gastric cancer. The
negative association between hypermethylation of the
hMLH1 gene promoter and p53 mutations suggests that
there could be two or more different molecular pathways
in the development of gastric cancer, such as tumor
suppression mechanisms and DNA mismatch repair.
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Abstract
AIM: To determine if Fourier-transform infrared (FT-IR)
spectroscopy of endoscopic biopsies could accurately
diagnose gastritis and malignancy.
METHODS: A total of 123 gastroscopic samples, including
11 cases of cancerous tissues, 63 cases of chronic atrophic
gastritis tissues, 47 cases of chronic superficial gastritis
tissues and 2 cases of normal tissues, were obtained from
the First Hospital of Xi’an Jiaotong University, China. A
modified attenuated total reflectance (ATR) accessory was
linked to a WQD-500 FT-IR spectrometer for spectral
measurement followed by submission of the samples for
pathologic analysis. The spectral characteristics for different
types of gastroscopic tissues were summarized and
correlated with the corresponding pathologic results.
RESULTS: Distinct differences were observed in the FTIR spectra of normal, atrophic gastritis, superficial gastritis
and malignant gastric tissues. The sensitivity of FT-IR for
detection of gastric cancer, chronic atrophic gastritis and
superficial gastritis was 90.9%, 82.5%, 91.5%, and
specificity was 97.3%, 91.7%, 89.5% respectively.
CONCLUSION: FT-IR spectroscopy can distinguish gastric
inflammation from malignancy.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Fourier-transform infrared (FT-IR) spectroscopy can
effectively provide chemical variation information of the
structure and composition of biologic materials at molecular
level[1]. Therefore, vibrational spectroscopy is becoming an
increasingly powerful tool for the research on biochemistry
of cancer[2-5]. Our research group has successfully used FTIR spectroscopy to diagnose carcinomas, such as carcinoma
of stomach, colon, esophagus, lung, salivary gland since
1995[6-9]. There are significant differences between the
spectra of malignant and corresponding normal tissues[10-12].
In addition, FT-IR spectroscopy could detect molecular
abnormalities which occur before the change in morphology
seen under light microscope[13]. Therefore, FT-IR technology
makes it possible to detect inflammatory and precancerous
changes. Rapid, accurate and convenient detection of gastroscopic tissues can be performed using FT-IR spectroscopy
if mid-infrared fiber optics technology and stomach endoscopy
technology are combined, however the flexible mid-infrared
optical fiber and mini probe are not yet available[14].
MA
TERIALS AND METHODS
MATERIALS
Patients and materials
Informed consent was obtained from each patient prior to
the study. A total of 123 fresh surgically resected gastric
tissue specimens were obtained from the First Hospital of
Xi’an Jiaotong University, China. There were 47 women
and 76 men, aged between 18 and 80 years (mean 50.3 years).
One endoscopic pinch biopsy, 1-3 mm in diameter, was
obtained from each patient. The detected samples consisted
of 11 cases of cancerous tissues, 63 cases of chronic atrophic
gastritis tissues, 47 cases of chronic superficial gastritis tissues
and 2 cases of normal tissues.
Spectral measurement
As the size of samples was too small to obtain an FT-IR
spectrum with high quality, the modified ATR accessory
linked to a WQD-500 FT-IR spectrometer was used. The
FT-IR spectrometer was equipped with a liquid nitrogen
cooled mercury cadmium telluride (MCT) detector.
The fresh tissue specimens were obtained in gastroscopy
detection, and then immediately and non-invasively measured
using the mobile FT-IR spectrometer near the operation
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Figure 1 Typical FT-IR spectra of gastric endoscopy samples. A: Spectrum of
malignant gastric tissue sample; B: spectrum of chronic atrophic gastritis tissue
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RESUL
TS
RESULTS
The spectral differences among chronic superficial gastritis,
atrophic gastritis and malignant gastric endoscopy samples
were studied. For the sharper difference in the ratio of peak
intensity, baseline corrections of the spectra were performed
at first. Several typical spectra of malignant gastric tissues
obtained by endoscopy are illustrated in Figure 1A. The
spectral characteristics were similar to those of spectra of
gastric tissues, which were obtained during surgical operation
in our previous research[15]. The spectral features of malignant
gastric tissues were in good agreement with the criteria
established in our previous work[15]. For example, the broad
-3 300/cm absorption band, assigned to N-H stretching
vibration of protein and OH stretching vibration of water,
was more intense in the malignant stomach samples because
of the higher content of water in malignant tissues. C = O
band near 1 741/cm was assigned to the fat in tissues, and
C-H stretching vibration bands near 2 961, 2 927, and
2 853/cm were related to lipid and fat content and these
bands usually disappeared in the spectra of malignant gastric
tissues. -1 641/cm absorption peak belonged to amide I
band
of protein and H-O-H variable-angle vibration of
*
water. In addition, amide II band of protein was located

near 1 550/cm. The intensity of amide II band decreased
in the spectra of malignant gastric tissues. Thus, the ratio
of intensity of -1 641/cm band to -1 550/cm band was
higher in the malignant gastric samples. The intensity of
-1 400/cm peak was stronger than that of -1 460/cm peak
in the spectra of cancerous samples. According to the
statistical results, the relative intensity of I1 460/I1 400 was less
than 1 for about 90% of malignant gastric samples. The
intensity of absorption peak at about 1 308/cm increased.
The peak position shifted to a low wave number. The peak
position was lower than 1 310/cm for 72% of the malignant
tissues. The intensity of -1 160/cm was often less than that
of -1 120/cm in the spectra of stomach cancer samples.
The spectra of chronic atrophic gastritis were close to
those of malignant gastric tissues (Figure 1B), and exhibited
partial characteristic bands as those of malignant tissues.
CH stretching vibrational band near 3 000-2 800/cm and
C = O vibrational band about 1 740/cm were still weak in
the spectra of atrophic gastritis samples. Compared with
the spectra of malignant gastric tissues, the amide II band
in the spectra of atrophic gastritis tissues was broader, and
the relative intensity of amide II band to amide I band
became higher. The decrease in the extent of the intensity
of absorption peak near 1 460/cm was not significant, i.e.,
the intensity of band at about 1 460/cm became a little less
than that at 1 400/cm in the spectra of atrophic gastritis
samples. In the spectra of about 81% of atrophic gastritis
samples, the relative intensity of I1 460/I1 400 was less than or
equal to 1. Compared with the spectra of malignant tissues,
the absorption peak near 1 310/cm was weaker in the spectra
of atrophic gastritis samples. Similar to gastric cancerous tissues,
the peak position of this band at about 1 310/cm often
shifted to a low wave number, which was different from
the situation of chronic superficial gastritis, indicating that

2 957
2 923
2 872
2 853

room. The sample was put on ATR accessory to measure
the spectrum. The background spectrum was collected. For
the collection of each spectrum, 32 scans at a resolution of
4/cm, with a normal range from 4 000/cm to 800/cm
were applied. It took about 1-2 min to non-invasively
measure the spectrum. After measurement, the samples
were stored in liquid nitrogen and sent for the pathologic
examination of H&E staining as the reference in the
spectral analysis.
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Figure 2 Subtraction spectra of gastric endoscopy samples. A: Spectrum of
chronic atrophic gastritis tissue minus that of malignant gastric tissue; B: spectrum

of normal gastric tissue minus that of chronic superficial gastritis tissue.

the peak position was lower than 1 310/cm for 73% of
atrophic gastritis tissues.
The spectra of chronic superficial gastritis tissues
(Figure 1C) were similar to those of normal stomach tissues[15]
(Figure 1D). The spectral features were as follows. CH
stretching vibrational band near 3 000-2 800/cm and C = O
vibrational band at about 1 740/cm were strong in the
spectra of superficial gastritis samples. In general, there
existed strong and broad amide II bands in the spectra of
superficial gastritis samples. The peak at 1 460/cm was
stronger than that at 1 400/cm. The relative intensity of
I1 460/I1 400 was higher than 1 in about 78% of superficial
gastritis samples. The peak at about 1 250/cm was stronger,
and the band near 1 308/cm disappeared or became weak
and the position of this band often shifted to a high wave
number, indicating that the peak position was higher than
1 310/cm in 80% of superficial gastritis tissues. Similar to
normal gastric tissues, the intensity of peak near 1 160/cm
increased and often became stronger than that at about
1 120/cm.

of long-chain C-H and C = O bonds. However, these peaks
often decrease and even disappear in the spectra of gastritis
and malignant tissues. Because triglyceride contains a large
proportion of methyl, methylene and carbonyl, and fat in
the region of malignant tissue is consumed because of the
necessary nutritional and energy requirement in the development
of carcinoma. At the same time, amide I and amide II
bands are stronger in the spectrum of normal gastric tissue
than in that of chronic superficial gastritis tissue, indicating
that normal gastric tissue has more regular protein secondary
structures, such as α helical structure.
In conclusion, the results in our study demonstrate that
the sensitivity of FT-IR detection to gastric cancer, chronic
atrophic gastritis and superficial gastritis is 90.9%, 82.5%,
91.5%, and specificity is 97.3%, 91.7%, 89.5% respectively.
FT-IR spectroscopy is effective in distinguishing gastric
inflammation from malignancy.

DISCUSSION
To enhance our understanding, the subtraction technique
was performed in the spectral analysis[16]. The subtraction
spectra (Figures 2A and B) could highlight spectral differences
between chronic atrophic gastritis tissue and malignant gastric
tissue, and between normal gastric tissue and chronic superficial
gastritis tissue. From the two subtraction spectra, some new
information could be observed.
Figure 2A illustrates the subtraction result of the
spectrum of chronic atrophic gastritis tissue minus that of
malignant gastric tissue. It verified that chronic atrophic
gastritis tissues exhibited relatively stronger C-H stretching
vibration, C = O stretching band, amide I, amide II than
gastric cancer tissue. In addition, there was more water in
gastric cancer tissue due to the strong negative band located
near 3 360/cm in the spectrum of subtraction malignant
tissue from chronic atrophic gastritis tissue.
Figure 2B shows the spectral differences between normal
gastric tissue and chronic superficial gastritis tissue. The
positive peaks in the region of 2 800-3 000/cm and near
1 740/cm were observed in the subtraction spectrum,
suggesting that normal gastric tissue contains more components
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Abstract
AIM: To evaluate the expressions of apoptotic signal
proteins FADD, TRADD, FasL, Fas, and NFκB in gastric
carcinoma tissues and their clinical significance.
METHODS: Western blot immune trace method was
adopted to detect the expressions of apoptotic signal
proteins FADD, TRADD, FasL, Fas, and NFκB in 55 tissue
specimens of gastric carcinoma.
RESULTS: Five apoptotic signal proteins had different
expressions in the gastric carcinoma samples and their
expressions were not correlated to age (P = 0.085).
Expressions of the FADD, FasL, Fas, and NFκB proteins
reduced with increase of the volume of tumor with the
exception of increased expression the TRADD protein
(64.7-71.1%, P = 0.031). With gradual increase of the
malignancy of gastric carcinoma tissues, expressions of
the FADD, FasL, and Fas proteins decreased (78.6-28.0%,
P = 0.008; 78.6-65.9%, P = 0.071; 100.0-46.3%, P = 0.014),
while expressions of the TRADD and NFκB proteins
increased (42.9-78.1%, P = 0.063; 78.6-79.1%, P = 0.134).
With gradual increase of serum CEA, expression of the
FADD protein decreased (62.5-34.0%, P = 0.073), but
expressions of the TRADD, FasL, Fas, and NFκB proteins
increased (0.0-80.8%, P = 0.005; 62.5-70.2%, P = 0.093;
0.0-70.2%, P = 0.003; 62.5-80.9%, P = 0.075). When
compared to the tissues of gastric carcinoma without
metastasis, the positive rate of expressions of the FADD
and FasL proteins increased, whereas expressions of the
TRADD, FADD, and NFκB proteins decreased. There was
no significant difference between them (P = 0.095).
CONCLUSION: Gastric carcinoma is endurable to Fasrelated apoptosis and apoptotic signal proteins are
differently expressed in gastric carcinoma.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastric carcinoma is one of the most common causes of
malignancy-related death in China[1-4]. Its therapy in clinics
is a big challenge. Better remedial method possibly depends
on advances in basic research[5-7]. Recent evidence suggests
that apoptosis of cells is closely related to occurrence, progress
and metastasis of the tumor[8-10]. At present, studies on the
apoptosis of tumor cells are an important field of tumor
therapy and tumor molecular biology[11-14]. The abnormalities
in expressions of apoptotic signal proteins always influence
the gastrocellular apoptosis, thus leading to the incidence
and development of gastric carcinoma[15-17]. We adopted
the Western blot immune trace method to detect the expressions
of apoptotic signal proteins FADD, TRADD, FasL, Fas,
and NFκB in gastric carcinoma tissues and their significance
in gastric carcinoma was assessed.
MA
TERIALS AND METHODS
MATERIALS
Samples
A total of 55 cases were selected from patients with primary
gastric carcinoma excision in our hospital from January 2000
to April 2001, who were pathologically diagnosed as
adenocarcinoma. There were 35 male and 20 female cases
aged 34-78 years with an average age of 54 years. According
to Edmondson grading III, the samples were graded as I-II
grade in 14 cases and III-IV grade in 41 cases. All samples
were submerged in liquid nitrogen within half an hour after
refrigerator.
the excision and placed in a -80
Protein extraction
Fifty-five tumor tissue specimens were homogenized,
sonicated for 15 s twice in 500 µL of lysis buffer containing
1× phosphate-buffered saline (PBS), 1% Nonidet-P40,
0.5% sodium deoxycholate, 0.1% SDS and 0.1 mg/mL
phenylmethylsulfonyl fluoride, and placed on ice for
30 min. The lysate was centrifuged at 13 000 g for 15 min
at 4 , the supernatant was collected (450 µL) and the
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Table 1 Expressions of FADD, TRADD, FasL, Fas and NFκB proteins in gastric carcinoma tissue specimens, n (%)
Sex

n

FADD

TRADD

FasL

Fas

NFκB

Male
Female

35
20

12 (34.3)
8 (40.0)

26 (74.3)
12 (60.0)

25 (71.4)
13 (65.0)

21 (60.0)
12 (60.0)

28 (80.0)
15 (75.0)

55

20 (36.4)

38 (69.1)

38 (69.1)

33 (60.0)

43 (78.2)

Reagents and methods
Sheep antihuman FADD, TRADD, FasL, and Fas polyclonal
antibodies, rabbit antihuman NFκB polyclonal antibodies,
alkaline phophatase marking anti-sheep, anti-rabbit and
protein molecular mass marker were also purchased from
Santa Cruz Company. Western blot immune trace method
was employed to determine the expression of apoptotic
signal proteins. Twenty microliters of extracted protein for
120 g/L polyacrylamide gel electrophoresis. When it was
semidry, electrical metastasis to the nitrocellulose film was
made and enclosed with 100 mL/L bovine serum for 1 h.
The first antibody (1:1 000) was put into PBST (1 g/L
Tween20 in PBS) and stored overnight at 4 . After being
washed, the sample was enclosed again with 100 mL/L
bovine serum for 30 min, and then the second antibody
was put in at room temperature for 1 h. After being washed
with PBS for 1 h, NBTBCIP development method was
performed for coloration.
Assessment standards
The protein molecular mass marker was taken as the
standard. In the respective different molecular mass scope,
the sample with black stripes was considered positive and
vice versa negative. The molecular mass of FADD,
TRADD, FasL, Fas, and NFκB proteins was 23, 34, 31,
48, and 65 ku respectively.
Statistical analysis
Chi squared test, accurate 4-chess table method and
correlation analysis were used to analyze the correlation of
protein expressions with sex, age, tumor size, pathological
grading and tumor metastasis. P<0.05 was considered
statistically significant.

RESUL
TS
RESULTS
Expression of apoptotic signal proteins in gastric carcinoma
The expression of FADD, TRADD, FasL, Fas, and NFκB
proteins in gastric carcinoma tissue specimens was 36.4%
(20/55), 69.1% (38/55), 69.1% (38/55), 60.0% (33/55)
and 78.2% (43/55) respectively (Table 1). We carried out
Western blot analysis to determine the accuracy of protein
expression (Figure 1).
Relation between apoptotic signal proteins and clinical
characteristics
Different expressions of the five apoptotic signal proteins
were not correlated to age (P = 0.085, Figure 2A). Expressions
of the FADD, TRADD, FasL, Fas, and NFκB proteins
reduced with increase of the tumor volume, with the
exception of increased expression of the TRADD protein
(64.7-71.1%, P = 0.031). Among them, the positive rate of
the expression of the Fas protein in the tissue of gastric
carcinoma with a lump 5 cm was higher than that of
gastric carcinoma >5 cm and the difference was significant
(P = 0.037, Table 2, Figure 2B).
With the increased of malignancy grade in adenocarcinoma
tissues, expressions of the FADD, FasL, and Fas proteins
decreased, while expressions of the TRADD and NFκB
proteins increased. Expressions of the FADD and Fas

A
Expression rate (%)

protein concentration for each sample was determined by
spectroph-otometry (Pharmacia) and using a DC protein
assay kit (Bio-Rad).

90
Age/yr

Age/yr >45
54
36
18
0

B
2

3

4

5

500

100

FADD

TRADD

FasL

Fas

NFκB

90

6

Tumor size
Expression rate (%)

1
ku

45

72

5 cm

72
Tumor size >5 cm
54
36
18

20
0
Figure 1 Western blot analysis of the accurate expression of apoptotic signal
proteins. Lane 1: marker; lane 2: FADD; lane 3: TRADD; lane 4: FasL; lane 5:
Fas; lane 6: NFκB.

FADD TRADD FasL

Fas

NFκB

Figure 2 Different expressions of five proteins before and after 45 years (A) and
different tumor size (B).
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Table 2 Relationship between expressions of the FADD, TRADD, FasL, Fas, NFκB proteins and clinical characteristics, n (%)
Clinical characteristics

n

FADD

TRADD

FasL

Male

35

12 (34.3)

26 (74.3)

25 (71.4)

21 (60.0)

Female

20

8 (40.0)

12 (60.0)

13 (65.0)

12 (60.0)

15 (75.0)

45

22

8 (36.4)

14 (63.6)

16 (72.7)

13 (59.1)

16 (72.7)

>45

33

13 (39.4)

24 (72.7)

22 (66.7)

20 (60.6)

27 (81.8)
14 (82.4)

Age/yr

Fas

NFκB
28 (80.0)

Tumor
Size

5 cm
>5 cm

Grading I–II
CEA

17

8 (47.1)

11 (64.7)

14 (82.4)

15 (88.2)a

38

13 (34.2)

27 (71.1)

24 (63.2)

17 (44.7)

29 (76.3)

14

11 (78.6)b

6 (42.9)

11 (78.6)

14 (100.0)c

11 (78.6)
32 (78.1)

III–IV

41

9 (22.0)

32 (78.1)

27 (65.9)

19 (46.3)

30 (µg/L)

8

5 (62.5)

0 (0.0)

5 (62.5)

0 (0.0)

5 (62.5)

47

16 (34.0)

38 (80.9)d

33 (70.2)

33 (70.2)d

38 (80.9)

>30 (µg/L)
Tumor
transformation Yes

6

3 (50.0)

3 (50.0)

5 (83.3)

3 (50.0)

3 (50.0)

No

49

17 (34.2)

35 (71.4)

33 (67.4)

30 (61.2)

39 (79.6)

a

P<0.05 vs size >5 cm; bP<0.01, cP<0.05 vs grading III–IV; dP<0.01 vs CEA

30 (µg/L).

proteins were significantly different between the pathological
grades (P = 0.008 and P = 0.014, Figure 3A). With the
increase of serum CEA, expression of the FADD protein
in gastric carcinoma tissues decreased, while expressions of
the TRADD, FasL, Fas and NFκB proteins increased.
Expression of the TRADD and Fas proteins were positively
correlated with the serum CEA level (r = 0.700, P = 0.005)
and the difference was very significant (P = 0.003, Figure 3B).
When compared to the tissues of gastric carcinoma with
metastasis, the positive expression rate of the FADD and
FasL proteins increased, whereas expressions of the
TRADD, FAS and NFκB proteins decreased. There was
no significant difference between them (P = 0.095).

A
Expression rate (%)

100
Grading I-II
80

40
20
0

Expression rate (%)

B

Grading III-IV

60

FADD TRADD FasL Fas NFκB

80

CEA

60

CEA >30 (µg/L)

30 (µg/L)

40
20
0

FADD TRADD FasL

Fas NFκB

Figure 3 Different expressions of the five proteins with different pathological
grading (A) and different serum CEA (B).

DISCUSSION
Apoptotic abnormality is considered as an important
mechanism underlying the development of gastric
carcinoma[18,19] and even more crucial than the reproduction
of cells of out control[20,21]. The expression of apoptotic
signal proteins play different roles in the death of gastric
cancer cells. The current studies[22,23] have denoted the main
mechanism of the interaction of the apoptotic signal
proteins to conduct down the apoptotic signal. FasL is
polymerized with its corresponding Fas receptors[24,25]. By
activating the FADD and caspase family, the apoptosis of
cancer cells ensues; and by activating TRADD, RIP is
motivated, causing NFκB to be activated, thereby participating
in gene transcription of the survival of cells. The balance
between counter signals and paths eventually determines
the survival or apoptosis of cells.
In this study, the expression of Fas protein was
downregulated with increase of the gastric carcinoma
volume and the malignancy degree and positively correlated
with the expression of CEA. It was reported[26] that gastric
cancer cells inhibit expression of the downregulated FasL,
thus escaping Fas-related apoptosis and immune monitoring
of the host to enable cancer cells to reproduce continuously
and increase their malignancy degree. Expression of the
FADD protein is downregulated with increase of the
malignancy degree of gastric carcinoma[27]. Gastric cancer
cells might through the expression of the downregulated
FADD enable caspases 3 and 8 necessary for apoptosis of
Fas-related cells to be devitalized, resulting in inhibition of
the apoptosis of gastric cancer cells. If FADD is injected,
such cells can become sensitive to Fas and induce Fas-related
apoptosis, suggesting that the function of FADD is
extremely crucial.
The TRADD protein is able to vitalize the NFκB
transcription factor and prolong the survival of cells. In
the present study, the TRADD protein expression was
positively correlated with CEA only when CEA possessed
the value of 30 µg/L, suggesting that both of them can be
used as indexes to detect gastric carcinoma. However, this
can be determined only after investigating a large size of
samples[28-30]. As the change of expressions of apoptotic

Zhao XH et al. Apoptotic signal proteins in gastric carcinoma tissue

signal proteins is not much related to metastasis of gastric
carcinoma, the abnormalities of the function of these
proteins only contribute to the reproduction and rise of
malignancy degree of gastric cancer cells, whereas metastasis
of gastric carcinoma might correlate to other factors.
In summary, gastric carcinoma is a tumor endurable to
Fas-related apoptosis. Apoptotic signal proteins are differently
expressed in gastric carcinoma.
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Abstract
AIM: To investigate the expression and clinical significance
of DEK, cyclin D1, insulin-like growth factor II (IGF-II),
glypican 3 (GPC3), ribosomal phosphoprotein 0 (rpP0) mRNA
in hepatocellular carcinoma (HCC) and its paraneoplastic
tissues.
METHODS: The expression of mRNAs of DEK, cyclin D1,
IGF-II, GPC3 and rpP0 mRNA was detected in HCC and its
paraneoplastic tissues by multiplex RT-PCR.
RESULTS: By the simplex RT-PCR, the overexpression of
mRNAs of DEK, cyclin D1, IGF-II, GPC3, rpP0 mRNA in
HCC and its paraneoplastic tissues was 78.1%, 87.5%,
87.5%, 75.0%, 81.3% and 15.6%, 40.6%, 37.5%, 21.9%,
31.3% respectively (P<0.05). By the multiplex RT-PCR,
at least one of the mRNAs was detected in all HCC samples
and in 75.0% of paraneoplastic samples (P>0.05). However,
all these five mRNAs were found in 68.8% of HCC samples,
but only in 9.4% of paraneoplastic tissues (P<0.05). The
positive expression of mRNAs of DEK, cyclin D1, IGF-II,
GPC3, rpP0 in well- and poorly-differentiated HCC was
89.0%, 66.7%, 66.7%, 66.7%, 77.8% and 73.9%, 95.7%,
95.7%, 95.7%, 82.6%, respectively (P>0.05). The expression
of these genes in HCCs with α-feto protein (AFP) negative
and positive was 90.0%, 80.0%, 90.0%, 90.0%, 90.0%
and 72.7%, 86.3%, 77.3%, 90.9%, 68.2% respectively
(P>0.05).
CONCLUSION: The expression of DEK, cyclin D1, IGF-II,
GPC3, rpP0 mRNA in HCC is much higher in HCC than in
its paraneoplastic tissues. Multiplex RT-PCR assay is an
effective, sensitive, accurate, and cost-effective diagnostic
method of HCC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is an aggressive malignancy
with poor prognosis and one of the most common tumors
in humans. The development of HCC is a chronic process
and involves many factors, including infection of hepatitis
virus and contamination with aflatoxin B1[1]. Recent advances
in molecular genetics indicate that some tumor suppressor
genes, oncogenes, and growth factors may play an important
role in hepatocarcinogenesis[2].
Several methods such as DDRT-PCR, cDNA screening[3]
are used to identify differential expression of mRNA in
tumor and non-tumor tissues. It is reported that some genes,
such as DEK, rpP0[4], cyclin D1[5], IGF-II[6] , and GPC3[7], are
overexpressed in HCC tissue. The expression of DEK, IGFII and rpP0 is higher in HCC than non-tumor tissues in our
previous study.
RT-PCR is widely used to analyze gene expression in HCC
and paraneoplastic liver tissue. However, the overexpressed
genes are only relatively higher in HCC than in paraneoplastic
liver tissue and the positive detection rate is relatively low.
Moreover, RT-PCR can detect only a single gene once in the
past, and the results obtained are fluctuant and less useful in
clinics. In order to find a method to enhance the specificity
and positive rate, multiplex PCR was used to detect several
genes, such as DEK, cyclin D1, IGF-II, GPC3, rpP0.
MA
TERIALS AND METHODS
MATERIALS
Tissue samples and patients
HCC and corresponding paraneoplastic tissues were obtained
with informed consent from 32 patients who underwent
hepatectomy at the First Affiliated Hospital of Guangxi
Medical University and Guangxi Tumor Hospital. The profiles
were obtained from medical records of 20 male and 12
female patients with an average age of 42.5 years. Twentytwo patients were positive for α-feto protein (AFP). HCC
and paraneoplastic tissues were enucleated separately and
immediately frozen in liquid nitrogen. Histological classification
was performed according to the Edmondson’s grading
criteria.
Multiplex RT-PCR
Total RNA was isolated from 100 mg of frozen tissue
according to the manufacturer’s instructions using TRIzol
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Analysis by electrophoresis
The amplified products were electrophoresed on 1.2%
agarose gel to detect the expression of the genes in HCC
and paraneoplastic tissues. The images were analyzed by
Quantity One software.

kit (Sagon Company, Shanghai, China), and then dissolved
in water that was treated by DEPC. Four micrograms of
total RNA was used to produce cDNA using oligo(dT)
primer and MuLV reverse transcription (MBI Company)
for 1 h. The reaction
in a final volume of 20 µL at 42
for 10 min. One
was terminated by incubation at 75
microgram of products was PCR amplified with multiple
primer sets (0.5 µmol/L, Sagon Company, Shanghai, China),
0.75 units of Taq DNA polymerase (MBI), 0.5 µL 10 mmol/L
dNTPs, 2.5 µL 10× buffer. The primers were as follows:
DEK: 5’-AGG CAC TGT GTC CTC ATT AA and 5’-TCT
GAC AGA ATT TCA GGA CA (332 bp); cyclin D1: 5’-TAT
TTG CAT AAC CCT GAG CG and 5’-GTG ACT ACA
TGC ATA TGA GC (350 bp); IGF: 5’-AGG AGC TCC
TGG ATA ATT TC and 5’-AAT ATT TCA CGT GAC
AGA AC (421 bp); GPC3: 5’-TGG ACA TCA ATG AGT
GCC TC and 5’-CAC ATT CTG GTG AGC ATT CG
(204 bp); rpP0: 5’-ATG TGA AGT CAC TGT GCC AG
and 5’-CTT GGC TTC AAC CTT AGC TG (549 bp).
GAPDH was used as control, the primers were 5’-TGA
GTA CGT CGT GGA GTC CA and 5’-CAA AGT TGT
CAT GGA TGA CC (230 bp). The conditions were initial
for 5 min, 30 cycles of amplification,
denaturation at 94
for 45 s,
each cycle consisting of denaturation at 94
for 30 s, extension at 72
for 30 s,
annealing at 58
final extension at 72 for 7 min. Because of the limitation
by the length of PCR products, the primers of cyclin D1
and GPC3 were used together in a single reaction and the
primers of DEK, IGF-II, and rpP0 were used together in a
single reaction.

H

A

N

H

N

H

N

H

Statistical analysis
Results were analyzed by χ2 test to compare the differences
between the groups. P<0.05 was considered statistically
significant.

RESUL
TS
RESULTS
Expression of GAPDH mRNA
The expression of GAPDH mRNA was detected in all HCC
and non-HCC tissues. There was no difference between
the two groups (Figure 1A).
Expression of DEK, cyclin D1, IGF-II, GPC3, rpP0 mRNAs in
HCC and adjacent noncancerous liver tissues
The expression of DEK, cyclin D1, IGF-II, GPC3, rpP0
mRNAs in HCC and adjacent noncancerous liver tissues
was 78.1%, 87.5%, 87.5%, 75.0%, 81.3%, and 15.6%,
40.6%, 37.5%, 21.9%, 31.3%, respectively (P<0.05, Table 1),
which were significantly higher in HCC tissues than in
adjacent nontumorous tissue (Figures 1B and C). The density
of the bands was also higher in HCC than in adjacent
noncancerous liver tissues.
The expression of DEK, cyclin D1, IGF-II, GPC3, rpP0
mRNAs in well- and poorly-differentiated HCC was 89.0%,
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H
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Figure 1 Expression of GAPDH (A), mRNA of rpP0, DEK, and IGF-II (B), mRNA

of cyclin D1 and GPC3 (C) in HCC tissue (H) and adjacent nontumorous tissue (N).

Table 1 Expression of DEK, cyclin D1, IGF-II, GPC3, rpP0 mRNAs in HCC and adjacent noncancerous liver tissues
Cyclin D1a
T

GPC3c

N

T

DEKe
N

T

IGFg
N

T

rpP0i
N

T

N

Positive

28

13

24

7

25

5

28

12

26

10

Negative

4

19

8

25

7

27

4

20

6

22

T, HCC tumor tissue; N, adjacent nontumorous tissue. χ2-test: aP<0.05, cP<0.05, eP<0.05, gP<0.05, iP<0.05 vs others.
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products interact and regulate the normal cell cycle. Cyclin
D1 and cyclin-dependent kinases are required for completion
of the G1/S transition in normal mammalian cells[8]. Cyclin
D1 is located on chromosome 11q13 and exhibits many
characteristics of cellular oncogenes. Overexpression of
cyclin D1 may be associated with actual gene amplification
or transcriptional dysregulation in cancer. Cyclin D1 is
overexpressed in hyperplastic lesions, such as endometrioid
adenocarcinoma[9], mantle cell lymphoma[10], and ovarian
carcinoma[11]. The results in our study showed that the
expression of cyclin D1 was significantly higher in HCC than
in adjacent nontumorous tissue. The mechanism of cyclin
D1 dysregulation in HCC is not clear, but it is likely that the
dysregulation contributes to increasing the proportion of
cells in transition from G1 to S phase. The overexpression
of cyclin D1 may be one of the several mechanisms involved
in hyperplasia of liver cells.

66.7%, 66.7%, 66.7%, 77.8% and 73.9%, 95.7%, 95.7%,
95.7%, 82.6%, respectively (P>0.05, Table 2).
The expression of DEK, cyclin D1, IGF-II, GPC3, rpP0
mRNAs in HCC with AFP negative and positive was 90.0%,
80.0%, 90.0%, 90.0%, 90.0% and 72.7%, 86.3%, 77.3%,
90.9%, 68.2%, respectively (P>0.05, Table 3).
Expression of DEK, cyclin D1, IGF-II, GPC3, rpP0 mRNAs in
HCC and adjacent noncancerous liver tissues shown by
multiplex RT-PCR
By multiplex RT-PCR, at least one of the mRNAs could be
detected in all HCC tissues and in 75.0% of paraneoplastic
tissues (P>0.05) (Table 4). However, all these five mRNAs
were found in 68.8% of HCC tissue, but only in 9.4% of
paraneoplastic tissues (P<0.05, Table 4).

DISCUSSION
The growth of cells depends on the regulation by many factors,
including oncogenes, tumor suppressor genes, growth factors,
signal transduction factors, and apoptosis factors, etc. The origin
of tumor is related to the modification of these genes. Genes
such as DEK, cyclin D1, IGF-II, GPC3, rpP0, are involved in
the initiation and development of HCC, and the possible
markers for the diagnosis of HCC in clinic. To identify whether
these genes were generally involved in hepatocarcinogenesis,
multiplex PCR was used in the present study. We found
that these genes had an upregulated expression in HCC and
multiplex PCR could enhance the detective positive rate.

DEK
DEK is a 43-ku phosphoprotein that was first isolated as
part of a fusion protein expressed in a subtype of acute
myeloid leukemias with t(6;9) chromosomal translocations[12].
DEK was lately identified as an autoimmune antigen in patients
with pauciarticular onset juvenile rheumatoid arthritis, systemic
lupus erythematosus[13], and other autoimmune diseases. In
recent study, it was demonstrated that DEK was a site-specific
DNA binding protein that was involved likely in transcriptional
regulation and signal transduction and it had implications
not only for HIV-2 transcription[14] but also for multiple cellular
processes involving with DEK. Recent data demonstrated
that the major portion of DEK is associated with chromatin

Cyclin D1
Cyclin, cyclin-dependent kinases, and tumor suppressor gene

Table 2 Expression of DEK, cyclin D1, IGF-II, GPC3, rpP0 mRNAs in well- and poorly-differentiated HCC
Cyclin D1
+

-

Well-differentiated HCC

6

Poor-differentiated HCC

22

Total

28

GPC3

DEK

+

-

3

6

1

18

4

24

IGF-II

+

-

3

8

5

17

8

25

rpP0

+

-

+

-

1

6

6

22

3

7

2

1

19

7

28

4

4

26

6

Table 3 Expression of DEK, cyclin D1, IGF-II, GPC3, rpP0 mRNAs in HCC with AFP negative and positive HCC tissue
n

Cyclin D1+

GPC3+

DEK+

IGF-II+

rpP0+

AFP(-)

10

8

9

9

9

9

AFP(+)

22

20

15

16

19

17

Total

32

28

24

25

28

26

χ2 test, P>0.05, the group of APF(+) vs the group of AFP(-).

Table 4 Expression of DEK, cyclin D1, IGF-II, GPC3, rpP0 mRNAs in HCC and adjacent noncancerous liver tissues by multiplex RT-PCR
Groups
n
T
N

32
32

Positive reaction
Anyone of the five mRNAs (%)
32 (100)
24 (75.0)
P>0.05

Negative reaction

All of the five mRNAs (%)
22 (68.8)
3 (9.4)
P>0.05

Anyone of the five mRNAs (%)
10 (31.3)
29 (90.6)
P>0.05

All of the five mRNAs (%)
0 (0)
8 (25.0)
P>0.05

Lü ZL et al. Tumor-related gene in HCC

in vivo and suggested that it might play a role in chromatin
architecture [15]. Our present experiment shows that the
percentage of overexpression of mRNA of DEK (78.1%)
in HCC was higher than in adjacent nontumorous tissues
(15.6%). It indicates the overexpression of DEK may be
involved in the transformation from normal liver tissue to
HCC, perhaps by activating the oncogenes.
GPC3
GPC3 gene is located at Xq26, and mutated in the SimpsonGolabi-Behmel syndrome[16]. It may be regulated by methylation
of the inactive X in expressing tissues, and encodes a
developmentally regulated heparin sulfate proteoglycan that
is bound to the cell surface through a glycosylphosphatidylinositol anchor. Based on their localization on the cell
surface, such glypicans are thought to regulate interactions
between growth factor and their receptors. It is associated
with apoptosis and cell signal transduction. It is reported
that GPC3 is a tissue-specific gene in breast tumor[17], ovarian
tumor[18], and malignant mesothelioma[19] in which it is downregulated by aberrant methylation of the GPC3 promoter
region, and upregulated in HCC. In the present study, GPC3
was overexpressed in HCC tissue and the positive expression
rate was 75.0%, which was higher than that in adjacent
nontumorous tissue (21.9%). Although the role of
overexpression of GPC3 in the development of HCC is
not known, it may break the balance between cell growth
and death.
IGF-II
It was reported that IGF-II is positive in some benign
neoplastic nodules and HCC[20]. In the present study, the
levels of IGF-II was higher in HCC than in adjacent
nontumorous tissue, suggesting that the growth factor may
act as an autocrine regulation of cell proliferation, GPC3
may act as a positive regulator of IGF-II, although we have
not detected a direct interaction between GPC3 and IGFII. It is possible that GPC3 positively regulates IGF-II activity
by interacting with the components of its signaling system.
rpP0
Ribosome acts as a place for protein synthesis. It is composed
of rRNA and ribosomal phosphoproteins. In the family of
ribosomal phosphoprotein, there are five members: P0, P1α,
P1β, P2α, and P2β. Three functional domains can be
defined in the rpP0: one involved in binding to rRNA, one
connected to P1/P2 protein interaction, and one associated
with elongation factors [21]. It was reported that rpP0
expression increases in colon carcinoma cells [22]. In the
present study, rpP0 was overexpressed in HCC tumor tissue,
suggesting that upregulation of rpP0 is associated with HCC,
which may be a signal for increasing protein synthesis.
Multiplex RT-PCR and HCC
In this study, we used multiplex RT-PCR to detect the
expression of mRNAs of DEK, cyclin D1, IGF-II, GPC3,
rpP0 in HCC and adjacent nontumorous liver tissue. We
found that at least one of the mRNAs could be detected in
all HCC tissues and 68.8% of HCC tissues expressed all
these five mRNAs, while only 9.4% of paraneoplastic tissues
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expressed all of them (P<0.05), suggesting that multiplex
RT-PCR enhances the detective sensitivity and specificity
when combining several specific primers. The expression
of anyone of these mRNAs in liver tissue could be regarded
as a risk factor for HCC. The higher the expression of
these mRNAs the greater the risk. When all these mRNAs
are negative in tissues, the possibility of HCC is lower.
Multiplex RT-PCR provides an easy and quick method to
detect the expression of these genes in liver tissues.
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Abstract
AIM: To investigate expression and significance of inhibitor of
apoptosis protein survivin in hepatocellular carcinoma (HCC).
METHODS: The expression of survivin and vascular
endothelial growth factor (VEGF) was investigated in 38
cases of HCC tissues and 38 liver cirrhosis tissues by
immunohistochemistry and Western blot. The relationship
between the expression of survivin and clinicopathological
factors of HCC was analyzed.
RESULTS: Survivin protein was detected in 23 (60.5%)
of 38 HCCs and 3 (7.9%) of 38 liver cirrhosis tissues. In
23 cases of HCC which expressed survivin, the expression
of VEGF was positive in 18 cases and slight positive or
negative in 5 cases. While in 15 cases of HCC which did
not express survivin, 12 cases did not express or slightly
expressed, and 3 cases expressed VEGF. In liver cirrhosis
tissues, the expression of VEGF was as follows: 24 cases
were negative, 10 cases were weak positive and 4 cases
were strong positive. The expression of survivin was
coincident with the expression of VEGF in HCC (P<0.01).
The expression of survivin in HCC had no relationship with
the patients’ age, gender, tumor size and differentiation
level of HCC, while it was related to the metastasis of
HCC. The protein quantitative analysis by Western blot
also showed that overexpression of survivin in HCC was
closely correlated to the expression of VEGF (P<0.01).
Furthermore, stronger expression of survivin and VEGF
was also found in patients with metastasis rather than in
those with no metastasis (P<0.01).
CONCLUSION: Survivin plays a pivotal role in the
metastasis of HCC, and it has some correlation with
tumorigenesis. The expression of survivin in the primary
lesion is very useful as an indicator for metastasis and
prognosis of HCC. It could become a new target of gene
therapy of HCC.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
In organisms, cell death and cell cycle progression are two
sides of the same coin, and these two different phenomena
are regulated moderately to maintain the cellular homeostasis[1].
On the other hand, gene mutation could be accumulated
and cell growth cycle could be prolonged, thus finally
facilitating the formation of tumor. At present, it has been
confirmed that P53 and bcl-2 family are critical to the
regulation of cell apoptosis. Survivin protein (Mr 16 500) is
a recently described member of inhibitor of apoptosis
protein (IAP) family of antiapoptotic proteins, which may
act simultaneously with the bcl-2 family proteins, but has a
different apoptosis inhibitory mechanism[2]. Survivin is
conserved across evolution with homologs found in both
vertebrate and invertebrate animal species[3]. The tissue
distribution of survivin has obvious cell selectivity. Some
research has found that survivin is undetectable in terminally
differentiated adult tissues, yet it is abundantly expressed in
fetal tissues and in a variety of human tumors including
lung, colo-rectal, breast, prostate, melanoma, pancreatic, and
gastric carcinoma as well as in high-grade lymphomas and
neuroblastomas[4-11]. However, the expression and implication
of survivin in hepatocellular carcinoma are still unknown.
Vascular endothelial growth factor (VEGF) is considered
to be the most primary factor prompting the angiogenesis
in tumor tissue, which also holds the central position in the
course of formation and metastasis of tumor. However, it
is unclear how VEGF accelerates the metastasis of neoplasms.
To explore the role and mechanism of survivin in the
progression of HCC and the relationship with VEGF, we
adopted immunohistochemistry and Western-blot techniques
to investigate the expression of survivin and VEGF in HCC.
MA
TERIALS AND METHODS
MATERIALS
Patients and samples
A total of 38 cases of HCC was involved in this study. The
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patients with HCC, who underwent potentially curative tumor
resection at Hepatic Surgery Center of Tongji Hospital from
2001 to 2002, had received neither chemotherapy nor radiation
therapy before surgery. Among them, there were 33 males
and 5 females, and the mean age of the patients was 47.3 years
(SD, 11.2 years; range, 18-76 years).
All the specimens were confirmed to be hepatocellular
carcinoma by pathological diagnosis. Cell differentiation was
graded by Edmondson-Steiner’s criteria. Tumors with
Edmondson-Steiner’s grade I were regarded as moderate
to well differentiation and those with grade II-IV were poorly
differentiated. The criteria of metastasis included extrahepatic
tissue or organ involvement; hilum or remote lymphoid
nodule metastasis; tumor thrombus formation in the main
portal trunk or hepatic vein or bile duct. Multifocal HCC
was excluded from this study because it was a controversial
issue[12].
Routinely processed formalin-fixed, paraffin-embedded
blocks containing principal tumor were selected. Serial
sections of 2-4 µm were prepared from the cut surface of
blocks at the maximum cross-section of the tumor.
Immunohistochemical staining for survivin and VEGF
Immunohistochemical staining for survivin and VEGF
antigen was carried out by the standard streptavidin-peroxidasebiotin technique (SP technique) using SP kit (Zhongshan
Company, Beijing, China). Rabbit-anti-human survivin
monoclonal antibody and rat-anti-human VEGF monoclonal
antibody were obtained from Neomarkers Company. Experimental procedure was conducted according to the SP kit
specification. Primary antibody was diluted at 1:200. Antigen
retrieval was done by microwave citrate salt method. 3,3diaminobenzidine and hematoxylin were used for color
development and counterstaining respectively. Cells whose
cytoplasm was dyed brown were regarded as positive ones.
One case of stage III gastric cancer was stained intensively
and reproducibly for survivin expression in >30% of tumor
cells, and was used as a positive control throughout the study.
Negative control slides processed without primary antibody
were included for each staining. In brief, deparaffinized
and rehydrated sections were bathed in a 10-3 mol/L sodium
citrate buffer (pH 6.0) then the solution was put to a pressure
cooker and boiled for 20 min while maintaining the pressure.
After endogenous peroxidase was quenched in 3% hydrogen
peroxide and blocked for 5 min, the sections were incubated
with primary polyclonal antibody at a
overnight at 4
1:200 dilution. Biotinylated immunoglobulin and streptavidin
conjugated to peroxidase were then added. Finally, 3,3’diaminobenzidine was used for color development, and
hematoxylin was used for counterstaining. The mean percentage
of positive tumor cells was determined in at least five areas
at 200-fold magnification for survivin and 100-fold
magnification for VEGF and scaled as the following:
(0) <5%; (1) 5-25%; (2) 25-50%; (3) 50-75%; and (4) >75%.
The intensity of survivin immunostaining was scored as
follows: 1+, weak; 2+, moderate; and 3+, intense. Because
tumors showed heterogeneous staining, the dominant pattern
was used for scoring. The scores indicating percentage of
positive tumor cells and staining intensity were multiplied to
produce a weighed score for each case. Cases with weighed
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scores <1 were defined as negative; cases with weighed scores
>2 were defined as strongly positive and those in between
were defined as positive.
Western blot
Proteins were extracted from tissues and cells by detergent
lysis using NP-40 lysis buffer (0.2% NP-40, 100 mmol/L
Tris-HCl, pH 8.0, 200 mmol/L NaCl, 0.01% SDS). Proteins
were fixed quantitatively by ultraviolet spectrophotometer
analysis. A total of 20 µg of the proteins of HCC tissue was
fractionated on a 75 g/L polyacrylamide slab gel containing
1 g/L SDS and then transferred onto a nitrocellulose filter by
electroblotting. The filter was incubated for at least 1 h in
10 mmol/L Tris-HCl buffer (pH 8.0) containing 150 mmol/L
NaCl, 0.05% Tween-20 and 50 g/L bovine serum albumin
for survivin and in 10 mmol/L Tris-HCl buffer (pH 8.0)
containing 150 mmol/L NaCl, 0.05% Tween-20 and 50 g/L
milk powder for VEGF to prevent nonspecific binding of
antibodies. Then it was incubated with primary antibody
(survivin, 1:1 000; VEGF 1:2 000) for 12 h, and with
second antibodies for 1 h at room temperature in the same
buffer. Respectively, the second antibodies of survivin were
goat-anti-rabbit polyclonal antibody labeled by alkaline
phosphatase and those of VEGF were goat-anti-rat
polyclonal antibody labeled by horseradish peroxidase.
VEGF was dyed by 0.01% DAB/H2O2 form 5 to 15 min
and brown straps were viewed as positive results. Survivin
was dyed by NBT/BCIP for 10 min or so and blue-black
straps were positive. At the same time protein molecular
weight marker (M r 14 000-70 000) was used to identify
destined straps. The expressed protein quantity was
automatically analyzed by GIS gel image processing system
(version 3.10, Tanon Technological Limited Company,
Shanghai, China). The net area of strap represented the
expressed protein quantity.
Statistical analysis
All statistical analyses were performed using the SPSS 10.0
J software package for Macintosh (SPSS, Inc., Chicago,
IL). Variables associated with survivin expression were
analyzed by the χ2 test. The coincident expression of survivin
and VEGF protein in HCC or liver cirrhosis tissues was
analyzed by the paired t-test. The correlation between HCC
metastasis and expression of survivin and VEGF protein
was tested by bivariate correlation analysis. P<0.05 was
considered significant and P<0.01 was considered remarkably
significant.

RESUL
TS
RESULTS
Immunohistochemical staining
Twenty-three cases (60.5%) of 38 HCCs expressed survivin
protein, among them, 8 cases strongly expressed, 12 cases
positively expressed, and 3 cases slightly expressed. Survivin
protein was detected in only 3 (7.9%) of 38 liver cirrhosis.
The relationship between the expression of survivin and
clinicopathological factors of HCC is shown in Table 1. In
23 cases of HCC which expressed survivin, the expression
of VEGF was positive in 18 cases and slightly positive or
negative in 5 cases. In 15 cases which did not express survivin
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Table 1 Relationship of the expression of survivin and clinicopathological factors of HCC
n

Survivin
Positive (n)

Percent (%)

Tissue

<0.01

Cirrhosis
HCC

38
38

3
23

7.9
60.5

Age (yr)
<60

31

19

61.3

7

4

57.1

Male
Female

33
5

21
2

63.6
40.0

Size (cm)
5

17

12

70.6

21

11

52.4

Moderate to well 16
Poor
22

9
14

56.3
63.6

Metastasis
Positive

14

12

85.7

Negative

24

11

45.8

60
Sex

<5
Differentiation

P

>0.05

>0.05

the expression of VEGF was negative in 24 cases, weak
positive in 10 cases and strong positive in 4 cases. The
staining of both survivin and VEGF was mainly localized
in cytoplasm.
By statistical analysis, there was a remarkable difference
in survivin expression between the tumor tissue and liver
cirrhosis tissues (P<0.01). The expression of survivin in
HCC had no significant relation with the patients’ age, gender,
tumor size and differentiation level of HCC, while it was
related to the metastasis of HCC (P<0.05). Furthermore, a high
expression of survivin was coincident with the expression
of VEGF in HCC (P<0.01) (Table 2 and Figures 1 and 2).

>0.05

>0.05

Western blot
By analysis with GIS gel image processing system, the values
of net area indicating the expressed protein quantity are as
shown in Tables 3 and 4, Figures 3 and 4.

<0.05

protein, 12 cases of HCC did not express or slightly expressed
VEGF and 3 cases expressed VEGF. In liver cirrhosis tissue,

A

Figure 1 Expression of survivin in HCC and liver cirrhosis tissues (SP
method, ×200). A: The brown granules in the cytoplasm indicate survivin

A

Figure 2 Expression of VEGF in HCC and liver cirrhosis tissues (SP method,
×100). A: The brown granules in the cytoplasm indicate VEGF expression in

DISCUSSION
It has been identified that bcl-2 family and IAPs family
have close relations with cell apoptosis. So far six members
of IAPs family (NIAP, c-IAP1, c-IAP2, XIAP, Survivin and
Bruce) have been cloned[13]. IAPs family expresses extensively
among many species, which are of homology in their

B

protein in liver cancer cells; B: Survivin protein is not detected in liver cirrhosis
tissues.

B

HCC; B: Expression of VEGF was weak positive in some liver cirrhosis
tissues.
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Table 2 Expression of survivin and VEGF protein in HCC tissues
VEGF
Positive
Survivin
Positive
Negative

Negative

P
<0.01

18
3

5
12

lane 1
Table 3 Coincident expression of survivin and VEGF protein in HCC
or liver cirrhosis tissues
HCC group
(n = 38)

Cirrhosis group
(n = 38)

Survivin

3229.3±1383.2

562.6±226.5

VEGF

1134.8±862.2

445.4±322.6

lane 2

lane 3

lane 4

lane 5

Figure 3 Expression of survivin in HCC and liver cirrhosis tissues. Lanes 1
and 2: liver cirrhosis tissues; lanes 3-5: HCC tissues. M r of survivin: 16 500.

P

<0.01

Table 4 Correlation between HCC metastasis and expression of
survivin and VEGF protein
Metastasis group
(n = 14)
Survivin
VEGF

3841.4±1061.2
1388.6±652.4

Non-metastasis group
(n = 24)
1253.8±725.3
1081.3±773.5

P
<0.01
<0.01

structures and the abilities of inhibiting apoptosis[14]. Survivin
is the smallest member among the IAPs family. Altieri of Yale
University utilized EPR-1 (effector cell protease receptor-1)
cDNA to screen and clone survivin from human GenBank
in 1997[3]. It has been suggested (but not proven) that EPR-1
may act as a natural anti-sense to survivin in cells[15].
The expression of survivin depends on cell cycle. Hela
blocked tumor cells in G1, S, G2/M phase separately to
detect survivin mRNA amount. Survivin mRNA was not
detectable in G1 phase, increased 6.2 times in S phase and
elevated 40 times in G2/M phase. Therefore, the expression
of survivin was closely related to cell proliferation. Survivin
can suppress apoptosis of NIH3T3 cell induced by Taxol
and 293 cell induced by Fas and Bax[16]. Survivin inhibits
apoptosis mainly through targeting the terminal effectors
caspase-3 and -7 activity in apoptotic protease cascade
reaction[17,18]. These caspases operate in the distal portions
of apoptotic protease cascades, functioning as effectors
rather than initiators of apoptosis. Survivin is characterized
by a unique structure with a single BIR and no zinc-binding
domain known as the RING finger, thus survivin cannot
bind caspase-3 directly. Survivin is expressed in the G2-M
phase of the cell cycle in a cell cycle-regulated manner and
associates with microtubules of the mitotic spindle by the
coiled spirals zone[19-21]. Survivins are also called chromosomal
passenger proteins: they associate with inner centromere
regions during prophase, but subsequently relocalize to the
midzone of the central spindle and concentrate at the
midbody[22]. Survivin has the double function of controlling
spindle checkpoint and apoptotic checkpoint. The overexpression of survivin in neoplasms may obliterate this
apoptotic checkpoint and allow aberrant progression of
transformed cells through mitosis. The disruption of survivinmicrotubule interaction results in loss of antiapoptosis
function of survivin and increases caspase-3 activity during
mitosis[21].

lane 1

lane 2

lane 3 lane 4

lane 5

Figure 4 Expression of VEGF in HCC and liver cirrhosis tissues. Lanes 1 and
2: liver cirrhosis tissues; lanes 3-5: HCC tissues. Mr of VEGF: 21 000.

The results revealed that survivin was highly expressed
in HCC and seldom detected in liver cirrhosis tissues. The
expression of survivin had no association with the patients’
age, gender, tumor size and differentiation level of HCC.
It suggests that survivin may play some role in tumorigenesis
of HCC. Simultaneously, in our series, we found that high
expression of survivin was significantly correlated to VEGF
in HCC. More importantly, stronger expression of survivin
and VEGF was found in patients with metastasis than in
those without metastasis. Consequently the expression of
survivin seems to be involved in metastatic capacity of HCC.
As we know, VEGF is considered to be the most cardinal
vascular growth factor prompting angiogenesis in tumor
tissue. The mechanism of liver cancer cell shift induced by
VEGF is closely related to increased proliferation ability of
liver cells. Emerging studies have implicated a marked
induction of survivin by VEGF in vascular endothelial cells,
which can facilitate tumor metastasis by controlling apoptosis
during angiogenesis. VEGF binding to VEGF-R2 activates
the phosphatidylinositol 3-kinase (PI3K) survival pathway,
resulting in phosphorylation and activation of the serine/
threonine kinase protein kinase B (PKB/Akt). VEGF induces
the expression of several anti-apoptotic effector molecules
in Ecs by PKB/Akt pathway, including bcl-2, A1, and two
members of the IAP family, X-linked IAP (XIAP), and
survivin[23-26]. VEGF-dependent upregulation of survivin
could be prevented by cell cycle arrest in the G1 and S phases
and allows for the maintenance of the microtubule network
to inhibit apoptosis of endothelial cells[27-30]. Our results
demonstrate that the expression of survivin is consistent
with that of VEGF in HCC and both are closely correlated
to infiltration and metastasis of HCC. This is similar to
findings in endothelial cells. As such, we assume that VEGF
probably promotes the expression of survivin in HCC tissues,
then the latter inhibits apoptosis of hepatocarcinoma cells
and enhances tumor cell ability of infiltration and invasion,
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thus accelerating tumor metastasis. To clarify the interaction
mechanism between survivin and VEGF in HCC, further
studies are needed.
The cancer-specific expression of survivin, coupled with
its importance in inhibiting cell death and in regulating cell
division, makes it a useful diagnostic marker of cancer and
a potential target for cancer treatment[31]. Recently some
studies have set about to evaluate the possibility of targeting
survivin function in vivo as an anticancer strategy in which
it is shown that inhibition of survivin could effectively inhibit
de novo tumor formation and progression[32,33]. In the light
of the effect of survivin on the progression of HCC, it is
possible that inhibiting the function of survivin can be a
new treatment of HCC.
In conclusion, inhibitor of apoptosis protein survivin
plays a pivotal role in the metastasis of HCC, and it has some
correlation with tumorigenesis. It is associated with the
progression of HCC as a late event in tumorigenesis. The
expression of survivin in the primary lesion can be an
indicator for metastasis and prognosis of HCC. It could
become a new target of gene therapy of HCC.
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Abstract
AIM: To study the distribution pattern of transcription
factors NF-κB and AP-1 and their relations with the
expression of apoptosis associated-proteins Fas/FasL and
ICH-1L/S in human hepatocellular carcinoma (HCC).
METHODS: We performed in situ hybridization and
immunohistochemical techniques for NF-κB, AP-1,
Fas/FasL and ICH-1 in 40 cases of human HCC along
with corresponding nontumoral tissues and 7 cases of
normal liver tissues.
RESULTS: Twenty-two (55%) and 25 (62.5%) of 40 cases
for NF-κB and AP-1 were presented for nuclear or both
nuclear and cytoplastic staining respectively, while less
cases were presented for only cytoplastic staining for NF-κB
(18%) and AP-1 (10%) in adjacent nontumoral tissues
and negative staining in normal liver tissues. There was
no statistically significant difference of NF-κB or AP-1
activation between well differentiated tumors and poorly
differentiated tumors (P>0.05). NF-κB activity is positively
corresponded to AP-1 activation. The expression of ICH1L/S was associated with the activation of NF-κB and
AP-1 (P<0.05), but no significant relationship was found
between Fas/FasL and NF-κB or AP-1(P>0.05).
CONCLUSION: Activation of both NF-κB and AP-1 may
be required for ICH-1L/S-induced apoptosis in HCC, but
not for Fas/FasL-mediated apoptosis. NF-κB and AP-1
may play important roles in the pathogenesis of human
HCC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common
cancers and cause of mortality in China. Much advanced
progresses in the mechanism of hepatocarcinogenesis
have been achieved for these years. Many genes such as
proto-oncogenes, tumor suppressor genes, apoptosis genes
and growth factors genes have been implicated and apoptosis
genes may play an important effect in the process of
hepatocarcinogenesis[1-6]. Apoptosis-related genes such as
bcl-2/bax, Fas/FasL and caspase are involved in the
pathogenesis of HCC[3-6]. However, more steps of apoptosis
genes in this process remain unknown yet.
Activated protein-1 (AP-1) and nuclear factor κB (NF-κB),
two of important transcription factors, play important roles
in signal transduction pathways of cell differentiation,
proliferation and apoptosis in response to a variety of
physiological and pathological stimuli[7-13]. AP-1 consists of
homodimers and heterodimers of the Jun family (c-Jun,
JunB, JunD), and the Fos family (c-Fos, FosB, Fra1, Fra2).
NF-κB is a heterodimeric complex composed of two
subunits of the Rel/NF-κB family, factors including NFκB1 (p50), NF-κB2 (p52), c-Rel, RelA/p65, and RelB[14].
Some investigators have presented aberrant DNA binding
activity of AP-1 and NF-κB in various types of human
tumor such as HCC, gastric carcinoma, breast carcinoma
and so on[15-22]. These findings suggested that AP-1 and
NF-κB may be important in the control of cell proliferation
and oncogenesis of these tumors.
The molecular mechanisms of NF-κB and AP-1 in the
regulation of Fas/FasL mediated apoptosis may be different
in T cells, Jurkat cells, hepatocyte-derived cell lines and colon
carcinoma cell[23-27]. However, whether NF-κB and AP-1
play important roles in regulation of Fas/FasL and ICH1L/S expression in human HCC is still not known. In the
present study, we undertook to investigate whether AP-1
and NF-κB are constitutively activated in human HCC tissues
and to evaluate the relationship between AP-1 or NF-κB
activity and the expression of apoptosis associated proteins
(Fas/FasL and ICH-1L/S) by in situ hybridization and
immunohistochemical techniques.
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MA
TERIALS AND METHODS
MATERIALS
Tissue preparation
Forty samples were obtained by surgical resection in our
department. All samples were independently reviewed by
two pathologists. The cases of HCC were classified
according to the criteria described by Edmondson-Steiner
and grouped as well differentiated (grade I-II; n = 25) or
poorly differentiated (grade III-IV; n = 15). Seven undamaged
liver tissues from surgical resection specimens of young
adults with minor liver injury who underwent partial
hepatectomy were used as normal control. All tissues were
fixed in 40 g/L formaldehyde (pH 7.0) for 12-24 h and
embedded in paraffin wax and then 4 µm serial sections
were cut and mounted on poly-l-lysine coated slides.
Immunohistochemistry staining
Sections were deparaffinized and rehydrated routinely.
Antigen was retrieved by heating sections in a microwave
oven at 700 W in 10 mmol/L citrate buffer (pH 6.0) for
10 min. After blocking with 0.3% H2O2 and swine serum,
specimens were then incubated with the primary antibodies,
directed against Fas, FasL, and ICH-1L/S (Santa Cruz
overnight. Secondary
product, dilution 1:100) at 4
antibodies were applied according to the manufacturer’s
recommendations (Amersham). The staining was performed
by streptavidin-peroxidase enzyme conjugate method using
a S-P kit (Zymed product). Reaction products were visualized
by DAB (diaminobenzidine). The slides were counterstained
with hematoxylin before mounting in paramount. Brown-yellow
granules in cytoplasm were recognized as positive staining.
In situ hybridization
Sections were deparaffinized and rehydrated routinely.
Oligonucleotides containing the consensus sequence of
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AP-1 (5’-CGCTTGATGAGTCAGCCGGAA-3’) and
NF-κB (5’-AGTTGAGGGGACTTTCCCAGGC-3’) were
respectively used as probes and 3’-labeled with biotin.
Preparations were incubated with the labeled probes
(37 , overnight). Non-specific antigen was blocked with
2% bovine serum and 0.3% Triton X-100, followed by
incubation with anti-biotin antibody alkaline phosphates
mixture for 1 h. Slides were then visualized with BCIP/
NBT. Purple-blue granules were regarded as positive
staining. In general, inactivated NF-κB and AP-1 were
located in cytoplasm and nuclei staining scored as activated
NF-κB and AP-1.
Negative controls
We used the following negative controls: (a) absence of
probes, (b) mutant AP-1 or NF-κB probes 5’-CGCTTGATAAATCAGCCGGAA-3’, and 5’-AGTTGAGGCTCCTTTCCCAGGC-3’, respectively, labeled with biotin, (c)
competition assays with a 100-fold excess of unlabeled
AP-1 or NF-κB probes, followed by incubation with its
respective labeled probe.
Statistical analysis
Statistical significance was calculated by χ2 test. The χ2 test
was used to analyze the association between NF-κB/AP-1
and histopathological grades and Fas/FasL and ICH-1L/S.
P<0.05 was regarded as significant difference.

RESUL
TS
RESULTS
Detection of NF-κB and AP-1 in HCC
In situ hybridization was performed to detect the activity
status of NF-κB and AP-1 in all 40 HCCs. NF-κB and
AP-1 distribution in nuclear or both nuclear and cytoplasm
of cancer cells are illustrated in Figures 1 and 2. Of 40

A

A

B

B

Figure 1 Hepatocellular carcinoma showing nuclear and cytoplasmic positivity
for NF-κB (A) and AP-1(B). In situ hybridization (magnification ×200).

Figure 2 Nontumor liver tissue showing focal and weak cytoplasmic positivity
for NF-κB (A) and AP-1 (B). In situ hybridization (magnification ×200).
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HCCs, 22 (55%) presented nuclear or both nuclear and
cytoplasmic staining of NF-κB by in situ hybridization in
which 13/25 (52%) were well differentiated tumors and
9/15 (60%) were poorly differentiated tumors. While 25
(62.5%) of 40 cases for AP-1 positive staining were shown
in which 14/25 (56%) were well differentiated tumors and
10/15 (66.7%) were poorly differentiated tumors. There
was no statistically significant difference of NF-κB or AP-1
activation between well differentiated tumors and poorly
differentiated tumors (P>0.05). In adjacent non-tumor
tissues, cytoplasmic staining of NF-κB or AP-1 was noted
in 27(68%) and 23(58%) respectively. But lower nuclear
staining for NF-κB (17.5%) and AP-1 (10%) was found in
non-tumor tissues than those in HCC with a statistical
significance (P<0.05). Only few hepatocytes showed
cytoplasmic staining for NF-κB (1/7) and AP-1 (2/7) in
normal liver tissues, but no staining in the nucleus. NF-κB
activity positively corresponded to AP-1 activation (Table 1).

29 (72.5%) and 31 (77.5%) of nontumor tissues, in 0%, 0%,
2/7 and 1/7 of normal liver tissues, respectively. There
were statistically significant differences of the expression
of Fas, FasL, ICH-1L, and ICH-1S between non-tumor
tissues and tumor tissues (P<0.05). The differences of Fas
and ICH-1S expression except FasL and ICH-1L were also
statistically significant between nontumor tissues and normal
liver tissues (P<0.05, Figure 3).

Table 1 Detection of NF-κB and AP-1 in HCC

a

P<0.05 vs tumor tissue.

Relationship between activated NF-κB and apoptosis proteins
in HCC
The expression of Fas and FasL was more frequent in 22
cases of HCC with activated NF-κB compared with 18
cases of HCC with inactivated NF-κB, but the differences
were not significant statistically between cases with activated
NF-κB group and with inactivated NF-κB group (P>0.05).
However, there was positive relationship between the
expression of ICH-1L and ICH-1S in the cases with activated
NF-κB and those with inactivated NF-κB (P<0.05, Table 3).

Expression of apoptosis proteins in HCC
Table 2 summarizes the results of immunohistochemical
studies on apoptosis proteins including Fas, FasL, ICH-1L
and ICH-1S. Fas, FasL, ICH-1L, and ICH-1S presented
cytoplasmic reactivity in 7 (17.5%), 6 (15%), 15 (37.5%)
and 21 (52.5%) of tumors, while in 21 (52.5%), 18 (45%),

Relationship between activated AP-1 and apoptosis proteins
in HCC
The expression of ICH-1L and ICH-1S in HCC with activated
AP-1 was also more common with a statistical significance
as compared with those with inactivated AP-1 respectively
(P<0.05). But there was no significant difference between
the expression of Fas and FasL in the cases with activated
AP-1 and those with inactivated AP-1 (P>0.05, Table 4).

Group

Cases

NF-κB
nucleus/cytoplasm
+ nucleus (+) (%)

AP-1
nucleus/cytoplasm
+ nucleus (+) (%)

40

22 (55)a

24 (60)

Well differentiated

25

13 (52)

14 (56)

Poorly differentiated

15

9 (60)

40

7 (17.5)

Tumor tissue

Nontumor tissue
Normal tissue

7

10 (66.7)
4 (10)

0

0

Table 2 Expression of Fas, FasL, ICH-1L, and ICH-1S in HCC
Group

Cases

Fas (%)

FasL (%)

ICH-1L (%)

ICH-1S (%)

Tumor tissue

40

7 (17.5)a

6 (15)

15 (37.5)

21 (52.5)

Nontumor tissue

40

21 (52.5)1

18 (45)2

29 (72.5)3

31 (77.5)4

Normal tissue

7

05

2

16

a
5

0b

P<0.05 vs tumor tissue. 1χ 2 = 10.2692, 2χ2 = 8.5714, 3χ 2 = 9.8990, 4χ2 = 5.4945,
χ 2 = 4.6890, 6χ 2 = 8.2398.

Table 3 Relationship between activated NF-κB and apoptosis proteins in HCC
NF-κB

Activated
Inactivated

Apoptosis protein

Cases

22
18

Fas

FasL

ICH-1L

ICH-1S

+

–

+

–

+

–

+

–

6
1

16
17

5
1

17
17

13
2

12
13

17
4

8
11

χ2
P

1.9048
>0.05

1.4495
>0.05

4.4444
<0.05

4.8722
<0.05

Table 4 Relationship between activated AP-1 and apoptosis proteins in HCC
AP-1

Apoptosis protein

Cases

Fas
+

Fas L
–

+

ICH-1L
–

+

ICH-1S
–

+

–

Activated

25

7

18

6

19

13

12

16

9

Inactivated
χ2

15

0

15

0

15

2

13

3

12

P

3.3362

2.5621

4.4444

5.6207

>0.05

>0.05

<0.05

<0.025
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A

B

C

D

Figure 3 Immunohistochemistry staining showing strong cytoplasmic positivity
in adjacent hepatocytes and weak positivity in HCC for Fas (A), FasL (B), ICH-

lL (C) and ICH-lS (D) (magnification ×200).

DISCUSSION
Electrophoretic mobility shift assays is a common and useful
technique for studying transcription factors. However, the
distribution of transcription factors either in nucleus or
cytoplasm cannot be shown using this technique. In situ
detection using nonradioactive oligonucleotides in paraffin
wax-embedded tissues was successfully used for studying
NF-κB and AP-1 activation in kidney and injured vessels[28].
In this study, we performed this technique to detect NF-κB
and AP-1 in HCC and obtained ideal results. The distribution
of NF-κB and AP-1 was presented in nuclear and
cytoplasmic types. Positive signals in HCC were mainly
located both in nuclei and cytoplasm while cytoplasmic
staining mainly in nontumor. We concluded that in situ
hybridization is a convenient and efficient tool for studying
transcription factors (Table 5).
Some studies have shown that DNA binding activity of
NF-κB and AP-1 was aberrant in HCC [15,16]. Liu et al.,
measured the DNA binding activity of AP-1 and NF-κB in
the peritumoral and the tumoral parts of 15 primary liver
cancers. AP-1 and NF-κB binding activities were in 73%

and 87% of the cases in the peritumoral tissue respectively.
A further activation of AP-1 and NF-κB binding in the
tumoral parts was detected in 40% and 80% of the cases
respectively. Early activation of AP-1 and NF-κB contributes
probably to the acquisition of a transformed phenotype
during hepatocarcinogenesis, whatever the etiology [15].
Tai et al., studied the NF-κB-DNA binding activity and its
dimmer, active nuclear RelA and nuclear IkappaB-alpha
proteins expression in HCC using electrophoretic mobility
shift assay and Western blot analysis. The results showed
that nuclear NF-κB DNA binding activity and nuclear RelA
protein expression were greater in tumor tissue compared
with nontumor tissue[16]. Constitutive activation of NF-κB
was found more frequently in tumor tissue compared with
nontumor tissue. In our study, the results are similar to that
by electrophoretic mobility shift assay. Furthermore, our
findings presented positive staining for NF-κB and AP-1
distribution in cytoplasm (inactive from) at 68% and 58%
in adjacent liver tissues, 1/7 and 2/7 in normal liver, and in
nuclei (active form) at 55% and 62.5% in tumor tissues.
The possible activation of NF-κB has been shown in some

Table 5 Relationship between activated NF-κB and apoptosis proteins in nontumor tissues
NF-κB

Adjacent nontumor tissues
Cases

Fas
+

Activated
Inactivated
χ2
P

7
33

15
6

FasL
–

7
12
4.8211
<0.05

Normal liver tissues

ICH-1L

ICH-1S

+

–

+

–

+

–

13
5

9
13
3.9221
<0.05

19
10

3
8

21
10

1
8

4.7130
<0.05

6.8946
<0.05

Cases

Fas
+

0
7

FasL
–

0
0

0
7
0
>0.05

ICH-1L

ICH-1S

+

–

+

–

+

–

0
0

0
7

0
2

0
5

0
1

0
6

0
>0.05

0
>0.05

0
>0.05
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carcinoma tissues such as human pancreatic carcinoma,
gastric carcinoma and breast carcinoma. NF-κB activation
was evaluated on the basis of nuclear translocation from
inactive form with NF-κB-IκBs complex in cytoplasm[18,20-22].
However, the mechanism concerning AP-1 activation in
carcinoma is not available. We further found that NF-κB
activity positively corresponded to AP-1 activation. Taken
together, these results demonstrated that NF-κB and AP-1
translocated from cytoplasm (inactive form) to nucleus
(active form) during hepatocarcinogenesis and suggested
that activation of both NF-κB and AP-1 may be required
to produce potential biological function and play important
roles in the oncogenesis of human HCC.
Fas/FasL system is involved in apoptosis in human
HCC[5,6]. In this study, we further investigated whether there
is a relationship between NF-κB or AP-1 activity and Fas/
FasL expression in HCC. The results showed that more
expression of Fas and FasL was found in cases with activated
NF-κB or AP-1 than those with inactivated NF-κB or
AP-1 in HCC but the differences were not significant
statistically (P>0.05). These data indicated that NF-κB and
AP-1 activation may not be required for Fas/FasL-induced
apoptosis in HCC. Similar results have been reported in
other different cells. Nagaki et al., found NF-κB blocks
hepatocyte apoptosis mediated by the TNF receptor, but
not by Fas[23]. In T cells, NF-κB signaling pathway is not
required for activation-induced FasL expression[24]. Lack of
a requirement for AP-1 induction in Fas-mediated death
was substantiated with Jurkat cell[25]. However, the results
contrary to those stated above have been implicated in some
studies. Marusawae et al., demonstrated that NF-κB activity
is related to Fas signaling in hepatocyte-derived cell lines,
HepG2 and Huh-7 cells. Overexpression of kinase-inactive
NF-κB-inducing kinase (NIK) and IkappaB kinase (IKK)
inhibited the activation of NF-κB introduced by anti-Fas
treatment in these cells. Inactivation of NF-κB by the
production of IkappaB-alpha protein made these cells more
susceptible to apoptosis induced by Fas stimulation [26].
NF-κB and AP-1 are also found involving in the transcriptional
regulation of FasL in Fas-mediated thymineless death of
colon carcinoma cell[27]. These results suggested NF-κB
and AP-1 may play different roles in the regulation of Fas/
FasL-mediated apoptosis in different cells.
ICH-1, a gene related to the C. elegans cell death gene
ced-3 and the mammalian homolog of ced-3, interleukin-1
beta-converting enzyme (ICE). Alternative splicing results
in two distinct ICH-1 mRNA species. One mRNA species
encodes a protein product of 435 amino acids (ICH-1L)
that is homologous to both the P20 and P10 subunits of ICE
(27% identity) and the entire CED-3 protein (28% identity).
The other mRNA encodes a 312 amino acid truncated version
of ICH-1L protein (ICH-1S). Overexpression of ICH-1L
induces programmed cell death, while ICH-1S suppresses
Rat-1 cell death induced by serum deprivation. ICH-1 plays
an important role in both positive and negative regulation
of programmed cell death in vertebrate animals[29]. In this
study, we found that aberrant expression of ICH-1 in HCC
and adjacent tissues compared to normal liver. The results
also showed that there are statistical differences between
expression of ICH-1L or ICH-1S and NF-κB or AP-1
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activation. These findings suggested that NF-κB and AP-1
may play a role in mediating ICH-1L/S expression during
pathogenesis of HCC.
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Abstract
AIM: To investigate the value of spiral CT pneumocolon
in preoperative colorectal carcinoma.
METHODS: Spiral CT pneumocolon was performed prior
to surgery in 64 patients with colorectal carcinoma. Spiral
CT images were compared to specimens from the resected
tumor.
RESULTS: Spiral CT depicted the tumor in all patients.
Comparison of spiral CT and histologic results showed that
the sensitivity and specificity were 95.2%, 40.9% in detection
of local invasion, and 75.0%, 90.9% in detection of lymph
node metastasis. Compared to the Dukes classification,
the disease was correctly staged as A in 6 of 18 patients,
as B in 18 of 23, as C in 10 of 15, and as D in 7 of 8. Overall,
spiral CT correctly staged 64.1% of patients.
CONCLUSION: Spiral CT pneumocolon may be useful in
the preoperative assessment of patients with colorectal
carcinoma as a means for assisting surgical planning.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
With the development of high-resolution scanners, technical
refinements in obtaining better quality studies, and the
accumulated clinical experience leading to better interpretation,

the role, indications, and accuracy of CT of the colon have
dramatically enlarged and improved[1-3]. Reliable preoperative
determination of the extent of spread of a colorectal carcinoma
not only indicates the expected prognosis but also assists
management. For obtaining reliable results from CT scan,
preparation of the patients, especially complete distention
of the colon using water or air as contrast agent, is the most
important precondition. Otherwise, collapse of the colon
and feces can easily be misinterpreted as tumor. Many studies
have shown that water enema spiral CT is a useful modality for
preoperative staging of patients with colorectal carcinoma[4-7].
However, water enema can be difficult and distressing in
frail elderly patients and has risk of water incontinence. Air
insufflation for the colon can be achieved easily and rapidly
and is well tolerated by the patients, and air provides an
excellent CT contrast medium[8]. There have been few reports
concerning the preoperative staging of colorectal carcinoma
with spiral CT pneumocolon. Therefore, this study aimed
to assess the value of spiral CT pneumocolon in preoperative
colorectal carcinoma.

MA
TERIALS AND METHODS
MATERIALS
Patients
From August 1998 to December 2002, 64 patients with
colorectal carcinoma, who were operated on at our institution,
underwent spiral CT pneumocolon. There were 40 men
and 24 women, ranging in age from 32 to 88 years (mean
59 years). Among the 64 patients who had a prior colonoscopy,
4 of 15 patients had an incomplete barium enema due to
barium incontinence, and 19 of 64 patients had incomplete
colonoscopy due to inability to cross a distal stricture.
Technique
All patients were fasted for at least 12 h before the study
and given an oral colon cleansing preparation the night before
CT scan. Nine-hundred milliliters of 3% diluted gastrografin
solution was given orally 45 min before, so that small bowel
loops were opacified. Anisodamine hydrochloride (10 mg,
IM) was used to control peristaltic artifact and relax the
colon. The patient was previously instructed not to void. As
the study progressed, interpretation was more straightforward
when the bladder was full.
The patients were positioned on the CT table in supine
position. A Foley catheter was inserted into the rectum and
1 500-2 000 mL room air was administered per rectum to
distend the colon. The enema was stopped if the patient
experienced abdominal discomfort. Adequate distention of
the whole colon was confirmed on the scanogram.
Studies were performed on a Toshiba Xpress/SX spiral
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CT scanner with a 10-mm collimation and pitch of 1-2, at
120 kV and 200 mA. After plain scanning, 1.5 mL/kg of
non-ionic iodinated contrast medium (iopromide, Ultravist
300; Schering, Berlin, Germany) was administered via the
antecubital vein at a rate of 3 mL/s using an autoinjector,
and scanning commenced 60 s after start of the injection
from the dome of the liver to the anal verge. The time
between CT scan and surgery ranged 1-8 d (mean 4.7 d).
Evaluating criteria
Based on previous reports[5,7,8] and our own experience, the
following three parameters were established and evaluated:
(1) local extramural invasion (irregularly serrated or speculated
outer contour, tumor mass or strands of soft tissue extending
out, and/or indistinctly increased density of the pericolonic
fat), (2) lymph node involvement (lymph node short axis
1 cm or larger, or node less than 1 cm in diameter with
obvious enhancement), and (3) distal and/or extensive disease
(liver or lung metastases, direct extension into adjacent solid
or hollow organs).
All patients with colorectal carcinoma were staged on
CT according to the modified Dukes’ classification[7]: stage
A, tumor limited to the colonic wall; stage B, tumor affecting
the serosa or the pericolonic fat; stage C, lymph node
involvement; and stage D, tumor infiltrating adjacent organs
and/or with metastases. The modified Dukes’ classification
was used because this system was currently used by surgeons
at our institution.
Image interpretation
Two experienced radiologists, who were blind to the surgical
and pathologic findings of each patient, interpreted the
images as compared to above parameters, and any discrepant
readings were solved by consensus. After a minimum of 4 wk,
the same two radiologists reviewed the images for the second
time. Intraobserver variability was evaluated by means of
a weighed k-statistic[9].

RESUL
TS
RESULTS
The overall results showed good agreement between the
two reviews by the two radiologists. The k-statistic for the
data was 0.77, representing good intraobserver agreement.
Normal findings and primary tumor
All patients tolerated the spiral CT pneumocolon well with
no significant discomfort, and had good bowel preparation
and no fluid levels or residual fecal material. The distended
colon lumen and normal colonic wall were well seen on
spiral CT (Figure 1). Using this technique the normal colonic
wall represented a single layer which was 1-2-mm thick.
Spiral CT detected the tumor in all patients and the
smallest mass was 0.7 cm×1.0 cm. The lesion was shown as
an eccentric focal mass with irregular segmental or
circumferential wall ranging 0.7-4.5 cm in thickness, and
their extension ranged 1.0-10.0 cm (Figures 2A-C). Most
lesions had an uneven, lobulated configuration and large
masses had patchy areas of necrosis. Different degrees of
distal colonic stricture were presented. The majority of the
mass showed moderate to obvious enhancement.

Figure 1 Optimal visualization of normal rectal wall (arrowheads), small
intestine (arrow), and urinary bladder (star).

Local invasion
Tumor invasion of serosa and/or pericolonic fat was
correctly staged by spiral CT in 49 (76.6%) of 64 patients
(Figures 2A and B). In the incorrectly staged group, spiral
CT overstaged 12 patients (Figure 3A) and understaged 2
patients (Figure 3B). Spiral CT evaluation had a sensitivity
of 95.2% and a specificity of 40.9%.
Lymph node involvement
Involvement of lymph nodes less than 5 mm in diameter was
seen in 7 (35.0%) of 20 patients. Spiral CT correctly diagnosed
lymph node metastasis in 15 of 20 patients (Figure 2C). In
the correctly diagnosed group, seven patients showed nodal
enhancement, and eight patients showed no enhancement
of lymph nodes larger than 1 cm in diameter. Clusters of
three or more smaller nodes (each less than 1 cm in diameter)
were seen by CT in five patients, histology revealed no
evidence of nodal involvement.
Nodal involvement was correctly staged by spiral CT in
55 (85.9%) of 64 patients. In the incorrectly staged group,
spiral CT overstaged 3 (Figure 3C) and understaged 5 of
20 patients. Spiral CT evaluation had a sensitivity of 75.0%
and a specificity of 90.9%.
Distal metastasis
Liver metastasis was presented in four patients (Figure 2D),
lung metastasis in two patients, and abdominal wall metastasis
in one patient. They were all correctly diagnosed by CT.
Only one patient with peritoneal seeding was missed due to
the small lesion.
Preoperative staging
Staging results are presented in Table 1. CT stage A was
correct in 6 of 18, stage B in 18 of 23, stage C in 10 of 15,
and stage D in 7 of 8 patients. Overall, the diagnostic
accuracy was 64.1% (41/64).

DISCUSSION
Colonoscopy and barium enema are the main methods for
diagnosis of colorectal tumors. However, both modalities
do not permit a precise preoperative prediction as to whether
a tumor is limited to the colonic wall or has spread into
surrounding tissues. Patients with severe colonic stricture
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Figure 2 Correctly staged lesions. A: Dukes stage A carcinoma (arrow); B: Dukes
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stage B carcinoma; C: Dukes stage C carcinoma; D: Dukes stage D carcinoma.

B

C

Figure 3 Incorrectly staged lesions. A: Dukes stage A carcinoma; B: Dukes

stage B carcinoma (arrow); C: Dukes stage B carcinoma.

or barium incontinence may be poor candidates for the
two examinations. Our study showed that CT pneumocolon
had the potential utility as an adjunctive imaging technique
for patients with colorectal carcinoma.

Imaging with spiral CT pneumocolon could clearly show
the lumen and wall of the colon and colonic lesions. Normal
colonic wall thickness should not exceed 3 mm in a welldistended segment, and the thickness greater than 6 mm is
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Table 1 CT findings and pathologic staging
CT staging

Pathologic staging
A

B

C

D

Total

A

6

2

1

9

B
C

12

18
3

4
10

1

34
14

15

7
8

7
64

D
Total

18

23

considered abnormal[1]. In our study with spiral CT pneumocolon
technique, the thickness of the normal colonic wall ranged
1-2 mm, and the thickness of the lesion was greater than
6 mm. We were unable to identify the mucosal lining nor
the different anatomic layers of the colonic wall as reported
by others who used water enema technique[6,7].
The sensitivity of CT detection depends mainly on the
size of the lesion and on the quality of the CT examination.
It varies from 68% if no special attempts are made to
promote visualization of the colonic lumen to 95% when
the colonic lumen is distended well. In this study, the overall
detection rate was 100%, and masses with a diameter in
1 cm were identified. Our results corresponded favorably
with previous reports[10,11]. This may be due to the adequate
preparation of patients and CT pneumocolon technique.
CT colonography generated from CT pneumocolon has
emerged in recent years. This technique can detect lesions
less than 5 mm in diameter, and its sensitivity is over 85%
in detection of polyps 10 mm or greater in size, 70-80% of
polyps 5-9 mm in size and 60% of polyps smaller than
5 mm[12,13]. It is a viable alternative for screening primary
colorectal neoplasms and examining portions of the colon
proximal to an obstructing lesion that cannot be traversed
by colonoscopy or by barium[3,10,13].
In our experience, CT has a sensitivity of 95.2% and an
accuracy of 76.6% in evaluating the local invasion. However,
the specificity is only 40.9%. Harvey et al.[8], reported that
its sensitivity is 100% and specificity is 33%. Zhou et al.[2],
reported that its sensitivity is 92.9% and specificity is 50.0%.
The reasons for the low specificity in local extension may be
that CT is not possible to distinguish the single layers comprising
the wall and there is no simple CT criterion to differentiate
inflammation of the serosa from tumor invasion[2,8]. Matsuoka
et al.[14], reported that using sagittal or coronal sections
improves diagnostic accuracy from 79.4% to 90.4% in
assessing the depth of tumor invasion. Endoscopic ultrasonography (EUS) is superior to CT in detecting the exact
depth of parietal invasion, and its accuracy is 84.9%[15]. In
our study, the accuracy of EUS was 87.5%, and its specificity
was 100% in assessing the local extension.
Traditionally, CT detection of abnormal lymph nodes
is based on imaging nodes greater than 1 cm in diameter or
finding of clustered lymph nodes[5,8]. However, lymph node
metastasis in colon cancer occurs frequently in lymph nodes
measuring less than 5 mm. Herrera-Ornelas et al.[16], have
reported a 65% incidence of lymph node metastasis.
Whereas enlarged lymph nodes may be infiltrated by
inflammatory or neoplastic cells. A relatively low sensitivity
of CT in detecting nodal metastases is anticipated. Harvey
et al.[8], reported that its sensitivity is 56% and specificity is
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95%. Gazelle et al.[5], reported that its sensitivity is 60% and
specificity is 79%. Hundt et al.[4], reported that its sensitivity
is 84.3%, its specificity being 60% and accuracy being 81.0%.
In this present study, its sensitivity, specificity, and accuracy
in detecting lymph node involvement were 75.0%, 90.9%,
and 85.9%, respectively. The disparity in these reports is
probably due to the different criteria used. In our study, five
patients with clustered lymph nodes (<1 cm) had no pathologic
evidence of nodal involvement, suggesting that this criterion
is unreliable. Further investigation is needed.
The data in this series showed that compared to the
Dukes classification, CT correctly staged 64.1% of all patients,
which is consistent with previous reports[2,8]. CT staging
accuracy, however, showed significant variations in different
Dukes categories. It correctly staged 6 (33.3%) of 18 patients
with Dukes A lesion, 18 (78.3%) of 23 patients with Dukes
B lesion, 10 (66.7%) of 15 patients with Dukes C tumor,
and 7 (87.5%) of 8 patients with Dukes D tumor.
Colon cancer is potentially curable and decision on
treatment is based on the extent of tumor. If extensive
local spread of tumor is shown by CT or MRI, the patients
can be treated with radiation therapy alone or undergo tumor
resection after radiation therapy. The success of subsequent
chemotherapy and irradiation can be determined in patients
by follow-up CT or MRI, which can be compared to the
base-line study before treatment. Recent studies showed
that endorectal surface coil MR imaging is valuable in patients
with rectal carcinoma to assess involvement of the levator
ani[1]. If involvement of the levator ani is demonstrated, an
abdominoperineal resection is needed.
In conclusion, spiral CT pneumocolon is a quick and
noninvasive method for detecting colorectal carcinoma, and
can provide valuable information preoperatively. In addition,
it may represent a useful adjunct to colonoscopy or barium
enema in patients with colorectal carcinoma.
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Abstract
AIM: Fourteen urinary nucleosides, primary degradation
products of tRNA, were evaluated to know the potential
as biological markers for patients with colorectal cancer.
METHODS: The concentrations of 14 kinds of urinary
nucleosides from 52 patients with colorectal cancer, 10
patients with intestinal villous adenoma and 60 healthy
adults were determined by column switching high
performance liquid chromatography method.
RESULTS: The mean levels of 12 kinds of urinary nucleosides
(except uridine and guanosine) in the patients with
colorectal cancer were significantly higher than those in
patients with intestinal villous adenoma or the healthy
adults. Using the levels of 14 kinds of urinary nucleosides
as the data vectors for principal component analysis, 71%
(37/52) patients with colorectal cancer were correctly
classified from healthy adults, in which the identification
rate was much higher than that of CEA method (29%).
Only 10% (1/10) of patients with intestinal villous adenoma
were indistinguishable from patients with colorectal
cancer. The levels of m1G, Pseu and m1A were positively
related with tumor size and Duke’s stages of colorectal
cancer. When monitoring the changes in urinary nucleoside
concentrations of patients with colorectal cancer
associated with surgery, it was found that the overall
correlations with clinical assessment were 84% (27/32)
and 91% (10/11) in response group and progressive

group, respectively.
CONCLUSION: These findings indicate that urinary
nucleosides determined by column switching high
performance liquid chromatography method may be useful
as biological markers for colorectal cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Nucleosides; Biological markers; Colorectal
cancer; High performance liquid chromatography
Zheng YF, Yang J, Zhao XJ, Feng B, Kong HW, Chen YJ, Lv
S, Zheng MH, Xu GW. Urinary nucleosides as biological
markers for patients with colorectal cancer. World J
Gastroenterol 2005; 11(25): 3871-3876

http://www.wjgnet.com/1007-9327/11/3871.asp

INTRODUCTION
Modified nucleosides, derived predominantly from transfer
ribonucleic acid (tRNA)[1-3], have been shown to be excreted
in abnormal amounts in the urine of cancer patients[4-7].
Interest in these materials as potential biological markers
was stimulated following evidence that tRNA methyltransferase
from cancer tissue had both increased activity and capacity
when compared to the enzyme derived from the
corresponding normal tissue of origin[8]. Studies by Borek
et al.[9], also showed that tRNA from neoplastic tissue had a
much more rapid turnover rate than the tRNA from the
corresponding normal tissue. Evidence indicates that
methylation of tRNA occurs only after synthesis of the
intact macromolecule. Because there are no specific enzyme
systems to incorporate the modified nucleosides into the
macromolecular nucleic acid, these nucleosides once released
in the process of tRNA turnover cannot be reutilized, nor
are they further degraded, but are excreted in urine[10]. Studies
have also shown that urinary nucleosides excretion in human
beings is little affected by diet, and when normalized to
urinary creatinine the daily excretion rate is remarkably
constant in a healthy individual[11].
Methodically in most of the studies urinary nucleosides
are isolated by phenylboronate affinity gel chromatography
and separated by reverse-phase high performance liquid
chromatography (HPLC)[1,5,6,12,13]. But these methods still
involve elaborate and manually performed sampleprocessing steps due to the complexity of the sample matrix.
Among the various types of cancer, colorectal cancer is
known to be one of the most prevalent and its early
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detection is thus desirable. However, attempts were rarely
made to measure the levels of urinary nucleosides from
patients with colorectal cancer to date. In this study, we
developed the automated column switching HPLC method
to investigate the excretion pattern of urinary nucleosides
associated with colorectal cancer and intestinal villous
adenoma. Differences in 14 urinary nucleoside levels were
quantified in 52 patients with colorectal cancer, 10 patients
with intestinal villous adenoma and 60 healthy adults. The
relationship of urinary excretion of these compounds from
patients with colorectal cancer with the tumor size, Duke’s
stages and differentiation were studied. Changes in the levels
of urinary nucleosides were examined preoperatively and
postoperatively in patients with colorectal cancer. These data
were collected to test the utility of urinary nucleosides as
biological markers for colorectal cancer.

MA
TERIALS AND METHODS
MATERIALS
Chemicals and equipment
The following 14 nucleoside standards including the internal
standard 8-bromoguanosine hydrate (Br8G) were obtained
from Sigma (St. Louis, MO, USA): pseudouridine (Pseu),
cytidine (C), uridine (U), 1-methyladenosine (m1A), inosine
(I), 5-methyluridine (m5U), guanosine (G), 1-methylinosine
(m1I), 1-methylguanosine (m1G), N4-acetylcytidine (ac4C),
N 2-methylguanosine (m2G), adenosine (A), N 2, N 2methylguanosine (m22G), N 6-methyladenosine (m6A).
Methanol (MeOH) was HPLC-grade purchased from Tedia
(Fairfield, OH, USA). Ammonium acetate (NH 4AC),
ammonia (NH3·H2O) and potassium dihydrogenphosphate
(KH2PO4) were all analytical reagents obtained from China.
Water was deionized and purified by a Milli-Q system
(Millipore, Bedford, MA, USA).
The HPLC system (Figure 1) consisted of three Shimadzu
LC-10ATVP pumps (Kyoto, Japan), an autoinjector model
SIL 10ADVP, an SPD-10AVP UV-Vis detector and an SCL
10AVP interface. An electric six-port valve (Rheodyne, USA)
was used for the automated column switching. Valve
switching and data acquisition were done on Shimadzu ClassVP version 6.10 software. The column 1 (40 mm×4.0 mm
ID) was packed with a laboratory prepared boronic acidsubstituted silica material. It can tolerate pH values of the
buffers from 2 to 12 as well as the usual organic solvents.
The column 2 (250 mm×4.6 mm ID) was packed with
5 µm Hypersil ODS2 (Elite, Dalian, China).
Urine samples
Sixty healthy adults (31 males, 29 females, from 21 to 71 years,
median age 52 years), who have the normal physical indices
including hepatic function, renal function, chest X-ray
and colonoscopy during a regular physical examination
period in our institute, have been chosen as control material.
Fifty-two patients with colorectal cancer and 10 patients
with intestinal villous adenoma were from Ruijin Affiliated
Hospital of Shanghai Second Medical University, the
First and Second Affiliated Hospitals of Dalian Medical
University of China. No patient had received chemotherapy
or radiation therapy before surgery. Diagnoses of colorectal
cancer and intestinal villous adenoma were made on the
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basis of usual clinical and laboratory findings and were
confirmed by histopathology. Table 1 shows the clinical
pathological parameters of patients with colorectal cancer.
Spontaneous urine samples were collected from healthy
adults, patients with colorectal cancer and intestinal villous
adenoma. In 43 patients with colorectal cancer, urine samples
were also obtained 2 wk after surgery. All persons had
normal renal function and were free of bacterial infection
at the time when the urine was collected. After collection
the samples free of preservatives were frozen immediately
and stored at -20 . Prior to analysis, the samples were
thawed at room temperature and adjusted to pH 8.0 with
50 mL/L NH3·H2O and vortex for 3 min at 5 000 r/min.
Aliquots of 1 mL centrifuged urine containing 30 µL of
Br8G (0.30 mmol/L) were transferred to autosampler vials
and samples of 150 µL were injected to a column-switching
HPLC system.

Table 1 Clinicopathological parameters of 52 patients with colorectal
carcinoma
Clinicopathological parameters
Gender
Age (yr)

Primary site

Male

29 (55.8)

Female

23 (44.2)

Range

26-87

Mean

56.4

Median

60.0

Rectum

15 (28.8)

Sigmoid colon
Colon
Duke’s stage

Tumor size

7 (13.5)

Duke’s B

23 (44.2)

Duke’s C

15 (28.8)

Duke’s D

7 (13.5)

5 cm

23 (44.2)

Well differentiated tumor
Moderately differentiated tumor
Poorly differentiated tumor

CEA

6 (11.5)
31 (59.6)

Duke’s A

<5 cm
Histological grade

Numbers(%)

5 mg/L
<5 mg/L

29 (55.8)
9 (17.3)
32 (61.5)
11 (21.2)
15 (28.8)
37 (71.2)

Column switching HPLC method
Column 1 (Figure 1) was equilibrated for 5 min with the
mobile phase delivered by pump 1. After sample injection
(150 µL urine), column 1 was washed for 7 min with the
same buffer. During that time, nucleosides were selectively
retarded on the column 1 and the sample matrix was
discharged. At the same time, column 2 was conditioned
with the mobile phase delivered by pump 2 (position 1;
Figure 1). After this clean-up step, column 1 was seriesconnected in front of the column 2. The group-specifically
bound nucleosides on the column 1 were then eluted and
concentrated on top of the column 2 over a period of 3 min
(position 2; Figure 1). Separation of nucleosides on the
column 2 was carried out with a linear gradient elution
program over 40 min, while the column 1 was regenerated
for a new extraction cycle (position 1; Figure 1). The
nucleosides were detected at 260 nm and quantified using
the internal standard method. Table 2 shows the time events
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used for the analytical procedure.
Peak identification was performed on the basis of
retention times. Standard solutions were run daily before
and after the samples to monitor reproducibility of retention
times. The standard addition method was also used to
confirm peak identification. The levels of the urinary
nucleosides were calculated by the calibration curves,
and then were transformed into nmoL/µmoL creatinine.
Urinary creatinine levels were determined as described by
Zheng et al.[7].

Position 1

Pump2

Pump3

Position 2
Mixing container

Pump1

6

2

Valve

Column1

5

Waste

3
4

Column2

1
Auto injector

Detector

Waste

Figure 1 Schematic diagram of the column-switching HPLC system.

Data analysis
The mean excreted amounts of urinary nucleosides have
been calculated using MS Excel software. Differences of
urinary nucleoside concentrations of healthy adults, patients
with intestinal villous adenoma and colorectal cancer were
compared with SPSS 10.0 software. Spearman Correlation
Analysis was used to examine the relationship of urinary
nucleoside concentrations from patients of colorectal cancer
with the tumor size, clinical stage and differentiation.
Principal component analysis (PCA) software, a home-made
pattern recognition software, was used to classify healthy
controls, patients with intestinal villous adenoma and
colorectal cancer. It was also used to monitor changes in
the urinary excretion of nucleosides before and after surgery.
Principal components plots were drawn on the basis of the
first principal component analysis function (PC1) against
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the second principal component analysis function (PC2) of
the nucleosides for each urine specimen. The oblique
rotational method used in the software is the Promax
method[6].

RESUL
TS
RESULTS
Analytical characteristics of the method
Figure 2A is a standard chromatogram showing the resolution
of 14 nucleosides as well as the internal standard Br8G
under the condition newly developed. The calibration curves
for 14 nucleosides, linear responses in peak area ratios of
nucleosides to the internal standard vs the nucleoside
concentrations were obtained with the correlation
coefficients varying from 0.995 to 0.9995. The intra- and
inter-day precisions of the method were determined by five
repetitive analyses of an aqueous solution of standard
nucleosides on three nonconsecutive days. The relative
standard deviation (RSD) of retention times was less than
1.70% (intraday) and 3.51% (interday), and that of peak
areas was less than 3.84% (intraday) and 7.85% (interday).
The limits of detection ranged from 0.05 to 0.56 µmol/L,
which are better than the previous reports[13,15,16], thus being
suitable for the quantitative analysis.
When applied to the urine specimens from 60 healthy
adults, 10 patients with intestinal villous adenoma and 52
patients with colorectal cancer, a total of 14 nucleosides
were positively identified. A typical chromatogram of urinary
nucleosides from a normal person with peak identification
is given in Figure 2B.
Comparison of urinary excretion of nucleosides in healthy
adults, patients with intestinal villous adenoma and colorectal
cancer
Fourteen nucleoside concentrations of healthy adults
(group 1), patients with intestinal villous adenoma (group 2)
and patients with colorectal cancer (group 3) are listed in
Table 3. In the mean values of three groups, the most
abundant nucleoside was Pseu, followed by m1A and m1I.
Pseu level was elevated above the normal values plus two
standard deviation (s) in the 58% (30/52) of patients with
colorectal cancer, while 20% (2/10) of patients with intestinal
villous adenoma was elevated. Clearly, the concentrations
of 12 nucleosides (except U, G) were significantly elevated
in patients with colorectal cancer (P<0.05). Only four kinds
of nucleoside concentrations of patients with intestinal
villous adenoma were higher in comparing with those of

Table 2 Time events for the switching of column and of mobile phase 1
Time (min)

Pump

Event

Valve position

0.00–7.00

Pump 1 (eluent A)

Sample matrix are discharged by column 1

Pump 2 (eluent B)

Conditioning of column 2

7.00–10.00

Pump 2 (eluent B)

Analytes are transferred from column 1 to column 2

2

10.00–50.00

Pump 2 and Pump 3 (eluents B and C)

Analysis of nucleosides on column 2 by using a linear

1

1

gradient elution program
Pump 1 (eluent A)
1

Conditioning of column

1

Eluent A: 0.25 mol/L NH4AC (pH 8.5); eluent B: 25 mmol/L KH2PO4 (pH 4.5); eluent C: methanol:water (3:2, v/v). Flow rate: pump 1, 0.2 mL/min; pump 2, 1.2 mL/min.
Detection wavelength: 260 nm.
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healthy adults. Using 14 nucleoside concentrations as the
data vectors for PCA technique, 71% (37/52) patients with
colorectal cancer was distinguishable from healthy adults,
while healthy adults are correctly classified at 96% (58/60)
specificity. Serum CEA is the tumor marker being used in
clinic to diagnose colorectal cancer (cut-off level: 5 mg/L).
But the sensitivity of CEA method is 29% (15/52) based
on the data provided by the hospitals. Based on the equation
of classification of patients with colorectal cancer and
healthy adults, 14 urinary nucleoside concentrations of
patients with intestinal villous adenoma were calculated and
the results was marked into Figure 3A, it was found that
10% (1/10) of patients with intestinal villous adenoma were
in the area of patients with colorectal cancer.

Absorbance (AU)

A

0.6

1

0.4

0.2
2

3

567

14
9
8 10 11

15

12

0.0
10

B

20
30
t/min

40

50

Absorbance (AU)

1
0.3
13
0.2
4
0.1

14
11
10 12
9

23

67

15

8

5

0.0
10

20
30
t/min

40

50

Figure 2 Typical chromatograms of (A) 14 standard nucleoside mixtures (B)
urinary nucleosides of a normal urine obtained under the established analysis
conditions. Column-switching HPLC conditions as Table 2. Peak identification:
1 Pseu; 2 C; 3 U; 4 m1A; 5 I; 6 m5U; 7 G; 8 m1I; 9 m1G; 10 ac4C; 11 m2G;
12 A; 13 m22G; 14 Br8G; 15 m6A.

A

Nucleoside

Healthy adults

Patients with
colorectal cancer

22.08±5.11

23.99±5.61

42.19±22.25a

C

0.15±0.12

0.40±0.21c

0.43±0.49a

U

0.30±0.15

0.31±0.12

0.31±0.23

m1A

2.04±0.53

2.30±0.62

2.74±0.80a

I

0.28±0.11

0.27±0.11

0.50±0.35a

m5U

0.04±0.06

0.12±0.06c

0.13±0.08a

G

0.09±0.03

0.08±0.02

0.10±0.04

m1I

1.25±0.28

1.97±0.50c

2.76±1.94a

m1G

0.82±0.24

1.21±0.26

c

ac4C

0.69±0.20

0.70±0.19

0.84±0.30a

m2G

0.55±0.14

0.52±0.28

0.63±0.26a

A

0.52±0.16

0.59±0.25

0.66±0.30a

m22G

1.25±0.23

1.43±0.27

1.81±0.55a

m6A

0.04±0.02

0.06±0.05

0.07±0.05a

1.44±0.51a

Urinary excretion of nucleosides and clinical pathological
characteristics of colorectal cancer
We examined the relationship of urinary nucleoside
concentrations from patients of colorectal cancer with the
tumor size, Duke’s stages and differentiation. These results
are listed in Table 4. The level of m1G, Pseu and m1A
were positively correlated with the tumor size and Duke’s
stages of colorectal cancer, respectively (P<0.05). No
significant correlation was noted in observed values with
regard to tumor differentiation.
Preoperative and postoperative urinary excretion of
nucleosides
The changes in six urinary modified nucleoside concentrations
(Pseu, m1A, m1I, m1G, ac4C, m22G) before and after
surgery in 43 patients with colorectal cancer were studied.
The patients were classified into two groups: response group
(32 persons) and progressive disease group (11 persons).
Using the paired t-test, these urinary modified nucleoside
concentrations of response group before surgery were

C
PC2

11.0
9.4
7.8
6.2
4.6
3.0
1.4
-0.2
-1.8
-3.4
-5.0

-2.0 -1.4 -0.8 -0.2 0.4 1.0 1.6 2.2 2.8 3.4 4.0

Patients with
intestinal villous
adenoma

Pseu

PC2

PC1

Number 25

Table 3 Comparison of levels of urinary nucleosides from healthy
adults, patients with intestinal villous adenoma and colorectal cancer (mean±SD, nmoL/µmoL creatinine)

B
PC2

5
4
3
2
1
0
-1
-2
-3
-4
-5

Volume 11

a
P<0.05 patients with colorectal cancer vs healthy adults. cP<0.05 patients with
intestinal villous adenoma vs healthy adults.

13

4

July 7, 2005

PC1

-3.0 -2.3 -1.6 -0.9 -0.2 0.5 1.2 1.9

Figure 3 PCA based on 14 nucleoside concentrations from healthy controls (+)
and patients with colorectal cancer (o). A: Positions of patients with intestinal
villous adenoma (*) were marked into the figure based on classification equation
from healthy controls and patients with colorectal cancer; B: Positions of 32 of
responsive cases after surgery (*) were marked into the figure based on

2.6 3.3 4.0

11.0
9.4
7.8
6.2
4.6
3.0
1.4
-0.2
-1.8
-3.4
-5.0
-2.0 -1.4 -0.8 -0.2 0.4 1.0

PC1
1.6 2.2 2.8 3.4 4.0

classification equation from healthy controls and patients with colorectal cancer;
C: Positions of 11 of progressive cases after surgery (*) were marked into the
figure based on classification equation from healthy controls and patients with
colorectal cancer.
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Table 4 Relationship of the levels of urinary nucleosides from
patients of colorectal cancer with the tumor size, Duke’s stage and
differentiation
Nucleoside

Tumor size
R

Duke’s stage
R

Differentiation
R

Pseu

0.192

0.325 a

-0.051

C
U

0.199
0.159

0.103
0.190

0.109
0.142

m1A
I

0.188
0.241

0.303a
0.198

-0.014
-0.009

m5U
G

0.056
0.262

0.149
0.135

0.033
0.113

m1I
m1G

0.287
0.376a

0.202
0.256

0.045
0.041

ac4C
m2G

0.053
0.275

0.189
0.261

0.008
0.091

A
m22G

0.068
0.287

0.224
0.270

0.023
0.051

m6A

0.097

0.157

0.201

R: relationship coefficient; aP<0.05 nucleosides vs Duke’s stage.

significantly higher than those of patients after surgery
(P<0.05). However, the pre- and post-surgery difference in
levels of these nucleosides for progressive disease group
had no significant changes.
PCA technique based on 14 nucleoside concentrations
as the data vectors was used to monitor changes in the
urinary excretion of nucleosides for patients with colorectal
cancer before and after surgery. When urinary nucleoside
concentrations of patients with colorectal cancer after
surgery were fed to the principal component regression and
marked to the space produced by the first two principal
components (PC1, PC2) of healthy adults and patients with
colorectal cancer before surgery (the process was similar to
the position prediction of the patients with intestinal villous
adenoma), it can be seen that points of 84% (27/32) patients
with effective treatment have come back to the normal
person area (Figure 3B). In the mean time, points of 91%
(10/11) patients with ineffective treatment have entered
into the area of colorectal cancer (Figure 3C).

DISCUSSION
Urinary nucleosides as biological markers of malignancy
have previously been reported for a wide variety of
cancers[1-7,17,18]. However, only few reports existed regarding
colorectal cancer. Our preliminary examination revealed that
patients with colorectal cancer excreted in their urine
significantly elevated amounts of nucleosides by HPLC
method[13]. But the method analysis of urinary nucleosides
involves manual sample extraction steps, resulting in artificial
error and time-consumption. In the current study, we
developed the automated column switching HPLC method
to examine the relationship between urinary nucleosides and
pathological characteristics of colorectal cancer and the
potential value of these compounds in monitoring progress
of the disease during surgery. The method is simple and
rapid, requiring a total analysis time of 50 min per sample,
with no time involved for sample processing. Its application
to routine urine samples suggests utility for mass patient
screening.
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The present study also confirmed that significantly
elevated levels of urinary nucleosides were detected in
patients with colorectal cancer by the column-switching
HPLC method developed. Our data revealed that the mean
nucleoside concentrations from patients with intestinal villous
adenoma were significantly lower than those from patients
with colorectal cancer. Only 10% (1/10) of patients with
intestinal villous adenoma were in the area of patients with
colorectal cancer. This is in accordance with the previous
studies showing that patients with noncancerous diseases
and acute infections[19,20] do not excrete significantly elevated
levels of urinary nucleosides. A current study on urinary
nucleosides in colorectal cancer patients demonstrate that
in the malignant disease not just one but several of the
nucleosides is elevated. In such a multi-component alteration
of the nucleoside levels, a pattern recognition method could
reveal more information on difference among healthy adults,
patients with intestinal villous adenoma and colorectal cancer
than the evaluation of single components. The PCA method
was applied for evaluation of the nucleoside levels in the
three groups. The sensitivity of urinary nucleosides in
patients with colorectal cancer was 71%, whereas the
sensitivity of currently used tumor marker CEA is 29%.
Urinary nucleosides may be a satisfactory biological marker
for this disease.
It was also found that the level of m1G, Pseu and m1A
were positively correlated with the tumor size and Duke’s
stages of colorectal cancer, respectively. These nucleosides
may be useful as prognostic factors. Modified nucleosides
have a much shorter half-life in the body than protein. A
faster response to therapy and recurrence of disease is
therefore feasible. Our results show that the changes in
urinary nucleoside concentrations of patients with colorectal
cancer almost paralleled with the change of disease status
of patients after surgery (Figures 3B and C). The results
are in agreement with the previous studies about urinary
nucleosides being useful for monitoring progress of
lymphoma and small cell carcinoma of the lung[21,22]. These
facts indicated that urinary nucleosides may be of value
for a rapid assessment of disease course in monitoring
colorectal cancer.
These studies have indicated the potential utility of
urinary nucleosides as biological marker for colorectal
cancer, especially when the column switching HPLC method
developed is combined with the PCA data processing
method. Because the whole-body RNA turnover correlates
quite well with the protein turnover[23], attention has to be
paid to the alterations of urinary nucleosides under various
catabolic conditions other than those occurring in malignancies,
e.g. malnutrition, endocrine abnormalities, alcoholism and
stress. More works are currently in progress to evaluate the
usefulness of urinary nucleosides in differentiating cancer
from other disease status.
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Abstract
AIM: Hepatocyte growth factor (HGF) is a multifunctional
growth factor which has pleiotrophic biological effects on
epithelial cells, such as proliferation, motogenesis, invasiveness and morphogenesis. There are few reports about
the role of HGF played in the colorectal cancer invasion.
In the present study, we tried to investigate the possible
mechanism of HGF involved in the invasion of colorectal
cancer cells in vitro.
METHODS: Matrigel migration assay was used to analyze
the migrational ability of Caco-2 and Colo320 in vitro.
We detected the mRNA expressive levels of MMP-2,
MMP-9 and their natural inhibitors TIMP-1, TIMP-2 in
Caco-2 cells by reverse-transcription polymerase chain
reaction (PCR) technique.
RESULTS: After 48 h incubation, there were notable
differences when we compared the migrational numbers
of Caco-2 cells in the group of HGF and PD98059 (the
inhibitor of p42/p44MAPK) with the control (104.40±4.77
vs 126.80±5.40, t = 7.17, P = 0.002<0.01; 104.40±4.77
vs 82.80±4.15, t = 7.96, P = 0.001<0.01). The deviation
between the HGF and PD98059 was significant (P<0.01).
Compared with controls, MMP-2 and MMP-9 mRNA
expres-sions were up-regulated by HGF (0.997±0.011 vs
1.207±0.003, t = 35.002,P = 0.001<0.01; 0.387±0.128 vs
0.971±0.147, t = 106.036, P = 0.0000<0.01, respectively);
compared with controls, TIMP-1, TIMP-2 mRNA expressions
were increased by PD98059 (1.344±0.007 vs 1.905±0.049,
t = 17.541, P = 0.003<0.01; 1.286±0.020 vs 1.887±0.022,
t = 24.623, P = 0.002<0.01, respectively).
CONCLUSION: HGF promoted Caco-2 migration mainly
by p42/p44MAPK pathway; HGF/SF stimulated the
expression of MMP-2, MMP-9 in Caco-2 and enabled
tumoral cells to damage the ECM and reach the distant
organ and develop metastasis; HGF played the function
of promoted-invasion and promoted-metastasis, in
which cellular selection was possible.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatocyte growth factor/scatter factor is a polypeptide
growth factor, which enhances strong cellular disintegration,
tissue formation, inducing the migration, invasion and
angiogenesis of epithelial cells[1]. The protein production of
the c-met proto-oncogene encodes trans-membrane tyrosine
kinase and is the receptor for hepatocyte growth factor,
which regulates proliferation, differentiation, morphogenesis
and motility in various cells after being activated by HGF.
Thus, it relates with the genesis and progress in many types
of human tumors. The mechanism for HGF-c-met in the
invasion and metastasis of malignant tumor includes that
they can promote cellular migration and increase the abilities
of invasion, they also can trigger Ca++-dependent signaling
system, so activate the Ras, then activate extracellular-signal
regulated kinase (Erk), thereby regulate the contraction and
motion of cells and phosphorylate microfilament relatingprotein, regulate cellular skeleton and reinforce the ability
of cellular movement. HGF can coordinate other factors in
vivo and therefore enlighten the abilities of migration and
invasion in some malignant cells[2]. Yi found that HGF could
increase the invasion of 13 lung cancer cells in which the
receptor of c-met was expressed[3]. The motility of tumoral
cells correlated closely with the metastasis in tumor.
Tumoral invasion occurs in three main steps: adhesion,
degradation of basement membrane and movement, in which
the degradation of basement membrane passes mainly through
proteolytic kinases. Matrix metalloproteinases (MMPs) are
part of these kinases, in which MMP-2 and MMP-9 correlated
with the tumoral metastasis. The report showed that HGF
could regulate the expression of MMPs.
Mitogen-activated protein kinases (MAPK) are the kinases
between the receptors of cell membrane and the significant
intracellular regulating-targets. Cells apply this system
conducting extracellular stimulating-signal to the nucleus of
cell so that the biological effects from the cells can be trasmitted.
The pathway of intracellular signal conduction for HGF-cmet induced-biological effects is not clear.
Cellular migration is the premise of tumoral metastasis.
The characters of tumoral infiltration and metastasis are the
key factors affecting the survival and prognosis in patients. To
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confirm the conclusion that HGF can promote migration in
vitro, regulate the expression of MMPs and exist the MAPK
pathway during these processes, we applied the HGF
together with the inhibitors of p42/p44MAPK(PD98059)
and p38MAPK(SB203580) dealt with the colorectal cancer
cells: in Caco-2 and Colo320, we also observed mRNA
expression of MMP-2, MMP-9 and tissue inhibitor of metalloproteinase-1 (TIMP-1) and tissue inhibitor of metalloproteinase-2(TIMP-2) in order to investigate the function
of HGF in the invasion of colorectal cancer cells in vitro.

MA
TERIALS AND METHODS
MATERIALS
Materials
Cells and cell culture The human colorectal cancer cell
lines Caco-2 and Colo320 were purchased from China
Academy of Science in Shanghai Institute of Life Science,
Caco-2 were cultured in DMEM supplemented with 10%
fetal bovine serum, 100 U/mL penicillin and 100 µg/mL
streptomycin at 37 in a 50 mL/L CO2 atmosphere. Medium
were exchanged every other day, when the cells reached
confluence, we digested them with 0.02% EDTA+trypsin
and delivered them according to 1:2 or 1:4:. Colo320 were
cultured in DMEM supplemented with 20% fetal bovine
serum, others were identical with Caco-2.
Reagent and apparatus DMEM were purchased from
Gibcobrl; FBS from TBD; HGF from JingMei Biol in
ShenZhen and were compounded with free serum medium,
the concentration was 20 ng/mL. PD98059 and SB203580
were from Promega, they were compounded with DMSO
and made up to 10 and 20 mmol/L for storage and the
applicable concentration was 40 µmmol/L combined with
free serum, stored at 4 . Matrigel from Gene Company
in ShenYang was compounded with DMEM according to
1:3, 0 fusion; 8 µmmol/L polycarbonate size membrane
and TRIzol were from HuaMei Company, Boyden chamber
were from the Department of Oncology in China Medical
University. RT-PCR kit was from Takara, the primers of
MMP-2, MMP-9, TIMP-1, TIMP-2, β-actin were synthesized
by BoYa Bio Company in Shanghai. Amplified sections were
307, 215, 285, 265, and 690 bp respectively. Autoradiography
were purchased from Olympus and PCR amplification
instrument were from PE Company in the USA.
Methods
Matrigel migration assay This assay is similar to that
described previously[5], Boyden chambers system whose upper
and lower compartments were used to analyze the invasive
ability of Caco-2 and Colo320. The chambers were washed,
dried and irradiated under ultraviolet rays for 30 min, the
experiments were divided into four groups DMEM, HGF,
PD98059, and SB203580.
DMEM, 20 ng/mL HGF, 10% FBS (Caco-2) or 20%
FBS (Colo320), 200 µL in the lower compartment with
50 µg Matrigel onto a polycarbonate membrane, and then
1 mL (about 3±105 cell/mL) colorectal cancer cells were
put in the upper compartment of the chamber, and the
chambers were incubated at 37 in humidified air containing
50 mL/L CO2 for 48 h, at the end of incubation, the cells
on the upper side of polycarbonate membrane were wiped
off with a cotton swab and the remaining cells that traversed
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the Matrigel and spread on the lower surface of the membrane
were rinsed using distilled water twice, the membrane were
fixed for 30 min with 5 mL methanol, dried and stained
with hematoxylin for 10 min, rinsed with 1% HCl+10%
alcohol and distilled water for 1-5 min, rinsed with 1%
ammonia water and distilled water for 1-5 min, stained with
eosin 1-10 min, at last rinsed and fixed with gradient alcohol
and xylene, enclosed and counted five fields of vision using
light microscope. Results were expressed as the number of
colorectal cancer cells invaded per filter. Experiments were
done in triplicate and results are shown as mean±SD.
Effect of PD98059 on HGF-induced migration
40 µmol/L PD98059 were added to the upper compartment
with 1 mL cells for 30 min before 20 ng/mL HGF was
added to the lower side of chamber which was incubated at
37 in a 50 mL/L CO2 atmosphere for 48 h. After incubation,
similar treatment as the above-mentioned, was carried out.
Effect of SB203580 on HGF-induced migration:
40 µmol/L SB203580 were added to the upper compartment
with 1 mL cells for 30 min before 20 ng/mL HGF was
added to the lower side of chamber which was incubated at
37 in a 50 mL/L CO2 atmosphere for 48 h. After incubation,
the treatment was identical with the above-mentioned.
Detection of MMP-2, MMP-9, TIMP-1, TIMP-2 mRNA by RT-PCR
Total RNA was extracted from subconfluent cell layers
according to Single-step method of RNA isolation by acid
guanidinium thiocyanate-phenol-chloroform extraction, 2 µL
RNA was reverse-transcribed using AMV, 3 µL of the reaction
were used for amplification. The primers used are as follows:
MMP-2-F: 5’-TCAACGGTCGGGAATACA-3’
MMP-2-R: 5’-CCCACAGTGGACATAGCG-3’
MMP-9-F: 5’-TCGAACTTTGACAGCGACAAGAA-3’
MMP-9-R: 5’-TCAGGGCGAGGACCATAGAGG-3’
TIMP-1-F: 5’-CTTCCACAGGTCCCACAACC-3’
TIMP-1-R: 5’-CAGCCCTGGCTCCCGAGGC-3’
TIMP-2-F: 5’-AAACGACATTTATGGCAACCCTATC-3’
TIMP-2-R: 5’-ACAGGAGCCGTCACTTCTCTTGATG-3’
β-actin-R: 5’-GATTGCCTCAGGACATTTCTG-3’
β-actin-F: 5’-GATTGCTCAGGACATTTCTG-3
PCR reaction conditions were as follows: Thirty-five
cycles of MMP-2 PCR were performed, each consisting
of denaturation for 3 min and 45 s at 94 , annealing for
and elongation for 1 and 7 min at 72 .
1 min at 55
Thirty-five cycles of MMP-9 PCR were performed, each
consisting of denaturation for 3 min and 45 s at 94 ,
and elongation for 1 and
annealing for 1 min at 60.5
7 min at 72 . Thirty cycles of TIMP-1 PCR were performed,
each consisting of denaturation for 3 min and 30 s at 94 ,
and elongation for 30 s and
annealing for 1 min at 63
7 min at 72 . Thirty cycles of TIMP-2 PCR were performed,
each consisting of denaturation for 3 min and 45 s at 94 ,
and elongation for 30 s and
annealing for 1 min at 65
7 min at 72 . Agarose gel electrophoresis consisting of
20 g/L ethidium bromide (EB) was used to analyze the
production of PCR. Electrophoresis zones were reserved
for 1 D kodak autoradiography system, β-actin was for
controls; measure values were counted/β-actin.
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Statistical analysis
SPSS12.0 software was used, all values were expressed as
mean±SD, t-test was used to determine the significance of
differences in multiple comparisons. Values of P<0.05 were
considered to be statistically significant.

RESUL
TS
RESULTS
Migration of Caco-2
After 48 h incubation, there were notable differences when
we compared the migrational numbers of Caco-2 cells in the
group of HGF and PD98059 with the control (P<0.01).
The deviation between the HGF and PD98059 was significant
(P<0.01). The group of SB203580 had no implication. We
did not find the phenomenon in the Colo320 cells. HGF
increased the number of invading Matrigel cells, the more
numbers, the more the invading ability. We found that
PD98059 inhibited the migration of HGF-induced Caco2. (Figure 1 and Table 1).
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Expression of MMP-2, MMP-9, TIMP-1, TIMP-2
mRNA in Caco-2 cell conditions were identified with
Matrigel migration assay .Examination of MMP-2, MMP-9,
TIMP-1,TIMP-2 expression were by RT-PCR. DMEM
was control, MMP-9 expressed all groups except control,
MMP-2 was high expression in HGF group, TIMP-1 and
TIMP-2 were high expression in the group of PD98059.
HGF could stimulate the expression of MMP-2 and MMP-9,
but the function was inhibited in the presence of PD98059
(P<0.01).There were different expressions of MMP-2,
MMP-9 and TIMP-1, TIMP-2 in the group of PD98059,
with no significance. Expression of MMP-2, MMP-9 and
TIMP-1, TIMP-2 in the group of HGF were not divergent.
(Figure 2 and Table 2).

Table 2 Expression of MMPs and its inhibitors in Caco-2 (mean±SD)
MMP-2

MMP-9

TIMP-1

TIMP-2

Control

0.997±0.011

0.387±0.128

1.344±0.007

1.286±0.020

HGF

1.207±0.003

0.971±0.147

0.846±0.075

0.992±0.009

PD98059

0.824±0.037

0.350±0.007

1.905±0.049

1.887±0.022

Table 1 Migrational numbers of Caco-2 in different factors
The migrational numbers of Caco-2 (mean±SD)
Control

104.40±4.77

HGF/SF

126.80±5.40b

PD98059

82.80±4.15d

SB203580

108.4±14.38

b

P<0.01, t = 7.17; dP<0.01, t = 7.96.

DISCUSSION
In vitro, HGF/SF has the function of strongly promoting
mitogen and stimulating the growth of normal and malignant
cells[6]. HGF/SF could agitate directly cellular mobility and
spreadable effects and colon formation gets diffused by it.

A

B

C

D

Figure 1 Migration of Caco-2 in different factors: control (A), Effect of HGF (B),

PD98059 (C), and SB203580 (D).
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Figure 2 Expression of MMPs and TIMPs in Caco-2 cell: MMP-2 amplification
section (A), MMP-9 amplification section (B), TIMP-1 amplification section (C),

TIMP-2 amplification section (D).

The activity of HGF-promoted motogen and morphogen
could promote adhesion, migration and infiltration of the
cancer cells[7], as it enhanced Integrins-modulated adhesion
so that lymphocyte invasion increased six-fold[8]. About the
mechanism of HGF-promoted tumoral metastasis, Fujisaki[9]
reported that the stimulation of CD44 could induce the
expression of c-met; HGF/SF amplified CD44-induced
adhesion of LFA-1 (lymphocyte function associated antigen-1),
further amplified and agitated the Integrin-modulated
adhesion, enabled the cancer cells to adhere blood vessel
endothelium and pass through the vessel walls. The experiments
of cotransfection for c-met and CD44 found that CD44, acted
as the co-receptor of HGF, promoted the c-met tyrosine
kinases phosphorylation and downstream signaling conduction
protein kinases activation (activated MAPK), induced
tumoral growth and metastasis[10].
Recently, the research of extracellular-signal transduction
has made great progress in the interior and exterior parts
of the country. Extracellular stimulation entered from the
cellular surface and activated the signaling transduction
pathway in the cytoplasm, transduced the signaling to the
nucleus through many pathways and promoted or inhibited
special expression of the target-gene[11], including the pathway
of Ras-MAPK which played a main role in promoting cellular
proliferation and regulating genetic transcription. The character
of the cytokine receptor decided the manner of signaling
transduction, many cytokines transmitted to the nucleus
through mainly MAPK-cascades, induced the same genetic
expression procedures, produced the same biological effects
so that MAPK-cascades originated together or from the
last pathway in which many membrane receptors transducted
growth signaling to pass through the membrane[12]. MAPK
was the important intercellular signaling system, cells applied
it to transmit stimulating extracellular signal to the nucleus and
modulated biological effects produced by cells[13]. It had decided
four MAPK pathways in eukaryotic cell, including ERK,
JNK, p38MAPK, and ERK5[14]. MAPK was a kind of serine/
threonine protein kinase, activated by phosphorylation[15]. An
extracellular stimulator could activate synchronously several
members of MAPK families, Xia[16]found if they removed
neurogenic growth factor from incubation systems, and then
induced the apoptosis of PCI2, there existed activation of
p38MAPK, JNK and inhibition of ERK, the deduced
apoptosis and survival were decided by the balance between
ERK-activated by growth factor and p38MAPK, and JNKactivated by stress.

In our study, we found that PD98059, the inhibitor of
p42/p44MAPK, could restrain the numbers of HGFinduced colorectal cancer cells passed Matrigel, as such, we
confirmed that p42/p44MAPK was one of the pathways
of HGF-promoted Caco-2 invasion.
The main components of extracellular matrix (ECM)
including collagen, glucoprotein, proteoglycan and glycosamine
existed as the form of basement membrane and intercellular
tissues. There was a kind of anti-adhesion protein in extracellular
matrix called basement membrane protein, the sections of
these molecules degradation had chemotaxis so that promoted
the mobility of the cancer cells[13]. A lot of barriers were
during the metastatic processes, it was of significance for
the basement membrane beside tumoral cells and interstitial
matrix to maintain tissue morphogenesis and biological
specificity. Tumor cells might produce proteolytic ferment
through autosecretion or stimulate host to cross basement
membrane so that metastasis occurred. Therefore, the
degradation of tumor to ECM was the prerequisite for
tumoral invasion and metastasis[14]. Matrix metalloproteinases
(MMPs) were this kind of peptidase which Zn2+-dependently
degraded ECM, at present, 20 members of MMPs families
were determined. According to the different substrates, MMPs
were divided as follows: interstitial collagenase, gelatinase,
stromelysin, membrane-type MMPs[17]. In the 1980s, it was
first reported that MMPs related with the potency of cancer
metastasis[18]. The mechanism of tumor cells degraded ECM
including the activation of MAPK, cells applied the pathway
to promote the secretion of MT-MMPs and the rearrangement
of microfilament skeleton formed by myoprotein and
increased the ability of decomposing collage of ECM and
migration, then, induced tumoral infiltration and metastasis.
MMPs were the major kinases during the physiological and
pathological processes in the rebuilding or degradation of
ECM, they were the key to removing the barrier of cellular
migration. Increasing activities of MMPs was one of the
essential conditions in tumor invasion and metastasis, MMPs
could affect cellular adhesion and migration directly. But
the total degradation of ECM was controlled strictly by the
balance between activated MMPs and TIMPs (inhibitors
of MMPs)[19]. Our results showed that HGF/SF up-regulated
the expression of MMP-2, MMP-9 and TIMPs in Caco-2
compared with the control groups, we confirmed in vitro
that HGF increased the numbers of migrational Caco-2,
the results suggested that increasing activities of MMPs in
the presence of HGF enabled tumoral cells to damage the
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ECM and easily developed metastasis.
In conclusion, HGF promoted Caco-2 migration mainly
by p42/p44MAPK pathway; HGF/SF up-regulated the
expression of MMP-2, MMP-9 in Caco-2 and enabled
tumoral cells to damage the ECM; HGF played the function
of promoted-invasion and promoted-metastasis in cellular
selection; HGF could play the biological effects by MAPK,
therefore, it had a major significance for we studied the
regulation about MAPK in tumoral metastasis to understand
the relationship between the MAPK pathway and colorectal
cancer, furthermore, it would provide the evidence for
MAPK to become the target of tumoral treatment.
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shunting and liver failure non-invasively. It indicates that
PSI may play an important role in follow-up of the portosystemic hypertension gradient for outpatients with LC
unlike hepatic venous catheterization.

Abstract

INTRODUCTION
Hepatitis C virus (HCV) is the most common cause of chronic
liver disease in several countries, including Japan, and chronic
hepatitis due to HCV (CH-C), which exhibits a variable
natural course, is becoming a subject of worldwide interest.
CH-C progresses to cirrhosis of the liver (LC), and may be
complicated by hepatocellular carcinoma (HCC), hepatic
decompensation, and esophagogastric varices[1,2], although
its clinical course has not been fully defined. Despite treatment
such as injection of interferon plus oral ribavirin[3], many
patients with CH-C progress to cirrhosis[4], and develop portal
hypertension as CH-C advances to the early phase of LC[5].
Portal hypertension evaluated by “invasive” hepatic
venous pressure gradient (HVPG) is associated with
progression of liver failure and death[6-8]. Using the method
described in this study, the extent of porto-systemic shunting
(PSS) can be evaluated with the portal shunt index (PSI)
using relatively “non-invasive” per-rectal portal scintigraphy
with 99mTc pertechnetate, because PSI correlates strongly
with portal pressure[9,10]. This study monitored three lifethreatening complications of LC, including the incidence
of HCC, Child-Pugh stage progression, and progression of
esophagogastric varices, and examined the correlation
between PSI and these three complications.

AIM: To examine the correlation between the porto-systemic
hypertension evaluated by portal shunt index (PSI) and
life-threatening complications, including hepatocellular
carcinoma (HCC), liver failure (Child-Pugh stage progression),
and esophagogastric varices.
METHODS: Two hundred and twelve consecutive subjects
with HCV-related cirrhosis (LC-C) underwent per-rectal portal
scintigraphy. They were allocated into three groups according
to their PSI: group I, PSI 10%; group II, 10%<PSI<30%;
and group III, 30% PSI. Of these, selected 122 Child-Pugh
stage A (Child A) subjects were included in analysis (a mean
follow-up period of 5.9±5.4 years, range 6 mo-21 years).
RESULTS: No significant correlation between PSI and
cumulative probability of HCC incidence was observed.
Cumulative probability of Child A to B progression was
tended to be higher in group III than in group I, and
significantly higher in group III than in group II (62% vs
34%, 62% vs 37%; P = 0.060, <0.01; respectively).
Cumulative probability of varices tended to be higher in
group III than in group I (31% vs 12%, P = 0.090). On
multivariate analyses, significant correlation between PSI
and Child A to B progression was observed, and no significant
correlation between PSI and HCC incidence or varices
progression was observed.
CONCLUSION: Patients with LC-C of Child A will progress
to Child B rapidly after their PSI reaches 30% or higher.
PSI can be used to predict occult progressive porto-systemic

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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MA
TERIALS AND METHODS
MATERIALS
Patients
A retrospective cohort study was performed on 212 subjects
with HCV-related cirrhosis (LC-C), who were admitted to
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our hospital during the 24 years between March 1979 and
June 2002, and who were evaluated with PSI obtained by
per-rectal portal scintigraphy with 99mTc pertechnetate. These
subjects were diagnosed by examination of liver specimens
obtained by laparoscopy, or needle biopsy performed under
ultrasonic guidance. Exclusion criteria for this study were
as follows: other causes of cirrhosis such as HBV, autoimmune
disease, any alcohol consumption; past treatment with
interferon, endoscopic sclerotherapy or open surgery for
varices; and trans-arterial embolization or open surgery for
HCC. Within a week of hospitalization, all subjects underwent
abdominal ultrasonography for detection of ascites, ChildPugh staging as an index of liver failure and endoscopy for
detection of esophagogastric varices[11]. Three Child-Pugh
stages were considered: stage A (score 5-6), stage B (7-9),
and stage C (10-15). The 212 subjects with cirrhosis were
distributed as follows: Child-Pugh stage A (Child A), 122;
Child B, 73; and Child C, 17. At entry, we used other possible
predictors of LC prognosis, including sex, age, serum albumin,
total bilirubin (T-bil), prothrombin time (PT), and platelets[12].
Longitudinal study
We selected 122 Child A subjects for a longitudinal study;
these subjects gave their informed consent to participate,
and agreed to return after discharge to our outpatient clinic
for monitoring. The procedures were approved by the Ethics
Committee of Graduate School of Medicine, Osaka City
University. A total of 122 subjects were monitored for a
mean period of 5.9±5.4 years (range 6 mo to 21 years).
Monitoring was maintained for each evaluation until
confirmation of HCC, or Child A to B progression, or
varices progression, or the end of the outcome observation
period (June 2002). Subjects were excluded from the study
if they were followed by another hospital, or their monitoring
periods were less than 6 mo.
After excluding dropouts, we were able to monitor the
following subjects for at least 6 mo: for HCC incidence,
108 subjects; for Child A to B progression, 107; and for
varices progression, 109. A PSI value of 10% or higher is
considered to be abnormal[9], and a PSI of 30% or higher
has an especially poor prognosis for chronic liver diseases[5].
We defined three groups according to their PSI: group I,
PSI 10%; group II, 10%<PSI<30%; and group III, 30%
PSI. The subjects were further divided as follows: for
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HCC incidence, 108 subjects-group I, 33; group II, 41; and
group III, 34; for Child A to B progression, 107 subjectsgroup I, 32; group II, 41; and group III, 34; for varices
progression, 109 subjects-group I, 33; group II, 41; and
group III, 35. These subjects underwent the following
examinations: laboratory studies and physical assessment
of the extent of hepatic encephalopathy for Child’s staging,
with a mean interval of 4.1±0.8 mo; abdominal ultrasonography or dynamic CT for assessment of the extent of
ascites or the existence of HCC, with a mean interval of
2.1±0.6 mo; and endoscopy for varices, with a mean interval
of 8.1±2.1 mo. HCC was confirmed by histology obtained
by needle biopsy performed under ultrasonic guidance, or
confirmed by selective angiography. The extent of hepatic
encephalopathy was defined from detection of tremor
and/or disorientation by physicians. The extent of ascites
was confirmed by abdominal ultrasonography and/or
physical assessment. We defined progression (or incidence)
of each complication as the first confirmation of HCC, or
Child B or a new variceal factor[13]. Figure 1 shows flow of
participants through monitoring.
Measurement of the portal shunt index
The subjects fasted after the evening meal on the day before
examination. In the morning, the rectum was emptied by
administration of a laxative. First, 370 MBq of 99m Tc
pertechnetate (2 mL solution) was given per rectum through
a polyethylene tube (Nélaton’s catheter, French 16) into
the upper rectum, followed by 15 mL of air. Time–activity
curves for the heart and liver areas were obtained every 4 s
using a large-field scintillation camera (Vertex-Plus, ADAC
Laboratories, Silicon Valley, USA). It was equipped with a
low-energy, multipurpose, parallel-hole collimator and was
interfaced with a digital computer. The camera was positioned
over the patient’s abdomen so that the field of view included
the heart, liver, and spleen. At the end of the 5-min examination,
a 5-min summed color image was recorded. To measure
the extent of PSS by PSI, we calculated the number of
counts for the heart as a percentage of the counts for the
heart and liver integrated for 24 s immediately after the
appearance of the liver time-activity curve[9].
Statistical analysis
Results were analyzed by SAS 8.12 statistical software (SAS

212 LC-C subjects screened
122 Child A
73 Child B
17 Child C
For a longitudinal study
122 Child A selected.
Follow period: 5.9±5.4 yr
For HCC incidence

For Child A to B progression

14 excluded
108 included in analysis.
33 group I
41 group II
34 group III
Intervals: 4.1±0.8 mo

15 excluded
107 included in analysis.
32 group I
41 group II
34 group III
Intervals: 2.1±0.6 mo

Figure 1 Flow of monitoring, group I, PSI
10%; group II, 10%<PSI<30%;
group III, 30%
PSI. LC-C, HCV-related cirrhosis; Child A, Child-Pugh stage

A; PSI, portal shunt index.

For varices progression
13 excluded
109 included in analysis.
33 group I
41 group II
35 group III
Intervals: 8.1±2.1 mo

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

Institute Inc., Cary, NC) [14,15]. Data were expressed as
mean±SD. Comparisons between PSI groups were made
by the Kruskal-Wallis test, the Mantel-Haenszel test, or
ANOVA. The cumulative progression rates were calculated
and plotted by the Kaplan-Meier method, and were compared
by the log-rank test. Any significant variable was considered
suitable for the multivariate analysis using Cox’s regression
model. P<0.05 was taken as statistically significant.

Cumulative progression
No significant correlation between PSI and cumulative
probability of HCC incidence was observed (Figure 2A).
Cumulative probability of Child A to B progression was
tended to be higher in group III than in group I, and
significantly higher in group III than in group II (62% vs 34%,
62% vs 37%; P = 0.060, <0.01; respectively) (Figure 2B).
Cumulative probability of esophagogastric varices tended
to be higher in group III than in group I (31% vs 12%,
P = 0.090) (Figure 2C).
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DISCUSSION
Even if physical symptoms and serum biochemical tests
indicate the early phase of LC-C, the patient may already have
occult advanced hepatic damage. PSI is a possible predictor
of occult progressive stages of LC-C for outcome patients.
While PSI obtained by per-rectal portal scintigraphy has its
own weaknesses (it emphasizes PSS via the inferior mesenteric
vein, rather than via the superior mesenteric vein, and

Morbidity
Table 2 presents the proportions of Child A to B progression
and relative risks as uni- and multivariates of possible

100

Volume 11

predictors, which were classified at the entry of the study.
The total proportion of each predictor, except PSI, was divided
into two between better (upper line) and worse (lower line)
at a cut-off value according to Child staging, or reports by
other authors: for instance, albumin, at 3.5 g/dL[11,12,16].
Group III had the highest rate of Child A to B progression
(21 of 34, 61.8%), followed by <3.5 albumin (50.0%), and
<100 PT (48.8%) (Table 2). A significant relationship was
found between group (I+II) and group III (crude RR = 2.44,
95%CI = 1.33-4.48, P<0.01), and between group II and group
III (2.95, 1.40-6.24, P<0.01), with a trend of significance
(P<0.05). No significant increase of other predictors was
revealed. PSI and the common useful predictors such as
albumin and platelets were included in multivariate analysis;
only group III remained significant (adjusted RR = 2.98,
95%CI = 1.29-6.87, P<0.05).
The group with <10 platelets had the highest incidence
of HCC and the highest progression of varices (30.3%,
47.1%, respectively). On multivariate analyses, no significant
associations were found between PSI and incidence of HCC
or progression of esophagogastric varices.

RESUL
TS
RESULTS
Patient characteristics at entry
Table 1 presents patient data at entry classified by PSI. The
differences between the PSI groups were significant for the
following parameters: age, albumin, T-bil, platelets (P<0.01,
<0.01, <0.05, and <0.01, respectively).

A
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Figure 2 The probability of each life-threatening complication. A: The cumulative
incidence rate of HCC (n = 108). B: The cumulative progression rate of Child A
to B (n = 107). C: The cumulative progression rate of esophagogastric varices
(n = 109). The continuous line shows group I (PSI
10%); the large dotted line

I vs
II
I vs
III
II vs
III

15
20
Time (yr)

NS
P = 0.060
P <0.01

25

Probability of varices progression (%)
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60

G I vs
G II

50

G I vs
Group
G III P = 0.090
G II vs
NS
Group
G III

40

NS

11/35 pts (31%)
III
9/41 pts (22%)
II

30
4/33 pts (12%)

20

Group I

10
0

0

5

10

15
20
Time (yr)

25

shows group II (10%<PSI<30%); and the small dotted line shows group III (30%
PSI). Child A, Child-Pugh stage A; PSI, portal shunt index; pts, patients; GI,
group I; GII, group II; GIII, group III; NS, not significant.

Table 1 Characteristics by portal shunt index at entry
Group I
PSI 10%
Sex (Male/Female), n

Group II
10%<PSI<30%

Group III
30% PSI

P

25/13

31/15

30/8

NS

2

Age, yr
Albumin, g/dL

48.4±11.7
4.0±0.5

54.3±13.0
4.0±0.3

54.9±9.9
3.6±0.4

<0.01
<0.01

1
3

Total bilirubin, mg/dL
Prothrombin time, %

0.8±0.3
95.4±17.2

0.9±0.4
94.5±15.5

1.1±0.4
92.5±20.2

<0.05
NS

1
1

Platelets, /mm3

16.4±5.7

14.7±6.9

10.6±5.0

<0.01

1

ANOVA: analysis of variance, PSI: portal shunt index, NS: not significant. Data are expressed as mean±SD. 1Kruskal-Wallis test, 2Mantel-Haenszel test, 3ANOVA.

Kawamura E et al. Major complications in HCV-related cirrhosis

3885

Table 2 Relative risks of possible predictors for Child-Pugh stage A to B progression

Sex
Age (per 1 yr)
Albumin, g/dL
Total bilirubin, mg/dL
Prothrombin time, %
Platelets, /mm3
Portal shunt index

1

Classification of

Proportion of Child-Pugh

predictor at entry

stage A to B progression, n/N (%)

Crude RR (95%CI)

Female
Male

16/34 (47.1)
31/73 (42.5)

3.5+
<3.5
<1.0
1.0+
100+
<100
10+
<10
Group I
Group II
Group III

25/63 (39.7)
22/44 (50.0)
32/69 (46.4)
15/38 (39.5)
27/66 (40.9)
20/41 (48.8)
32/73 (43.8)
13/32 (40.6)
11/32 (34.4)
15/41 (36.6)
21/34 (61.8)

Group (I+II)
Group III

26/73 (35.6)
21/34 (61.8)

1.00
1.47 (0.76-2.84)
0.99 (0.96-1.01)
1.00
1.49 (0.83-2.67)
1.00
1.27 (0.68-2.39)
1.00
1.06 (0.59-1.91)
1.00
1.60 (0.81-3.16)
1.51 (0.65-3.51)
1.00
2.95 (1.40-6.24)b
(P trend <0.05)
1.00
2.44 (1.33-4.48)d

Relative risks
2

Adjusted RR (95%CI)

1.00
0.98 (0.49-1.95)

1.00
1.40 (0.68-2.86)
1.67 (0.70-3.99)
1.00
2.98 (1.29-6.87)a
(P trend: NS)
1.00
2.36 (1.17-4.78)c

a
P<0.05 vs Group II PSI, bP<0.01 vs Group II PSI, cP<0.05 vs Group (I+II) PSI, dP<0.01 vs Group (I+II) PSI, NS: not significant. 1RR and their 95% CI were determined by a
Cox’s regression model. 2This model includes albumin, platelets, PSI. Group I, PSI 10%; Group II, 10%<PSI<30%; Group III, 30% PSI; Group (I+II), PSI<30%. CI:
Confidence interval, RR: Relative risk, PSI: Portal shunt index, n; progression proportion, N; total proportion.

expresses the extent of PSS indirectly), it should be useful
for the observation of LC-C because it is a simple and noninvasive technique unlike hepatic venous catheterization[9].
In this study, we used 99mTc pertechnetate for per-rectal
portal scintigraphy because of its short half-life and low
cost[17]. Our study had three major findings.
First, there was no correlation between the porto-systemic
hypertension and HCC incidence. This finding suggests that
HCC occurs independently of the decrease in hepatic blood
flow due to the development of PSS.
Second, patients with LC-C of Child A will progress to
Child B rapidly after their PSI reaches 30% or higher. Shiomi
et al.[5], have reported that changes in the portal hemodynamics
of chronic liver disease subjects were not gradual. The
development of PSS causes hepatic functional reserve to
deteriorate rapidly. We propose that per-rectal portal
scintigraphy is useful to predict occult progressive portal
hypertension and liver failure in the early phase of LC-C,
on the basis of the strong relationship between PSI and the
Child-Pugh staging.
Third, the natural advance of PSS has relevance to
esophagogastric varices progression in patients with the early
phase of LC-C. Other authors have reported that the portosystemic pressure gradient is a strong predictor for varices
progression[18,19]. But in this study, PSI showed no statistical
advantage over platelets, albumin, or T-bil for detecting the
progression of varices. The reason why PSI was worse than
these laboratory data is because esophagogastric varices
mainly reflect the flow of superior mesenteric vein.
Progressive viral hepatitis has been acknowledged as a
major indication for liver transplantation[20,21]. Kiuchi et al.[22],
have emphasized the need to evaluate the recipients
preoperatively. One of the important recipient factors is
the presence of collateral circulation[23]. Bruix et al.[24], have
reported that LC patients with increased portal pressure
are at high risk of hepatic decompensation after resection
of HCC. We propose that preoperative per-rectal portal

scintigraphy would be useful for early detection of occult
portal hypertension, to assess graft size requirement to
prevent graft failure after liver transplantation, or to avoid
liver failure after hepatectomy.
In summary, physicians can monitor the porto-systemic
hypertension gradient in LC patient during the outcome
observation period by using “non-invasive” per-rectal portal
scintigraphy; on the other hand, measurement of HVPG
needs hospitalization. In the early phase of LC-C, PSI can
be used to predict occult progressive PSS and liver failure.
Therefore, even for patients diagnosed as being in the early
phase of LC-C on the basis of other indicators, those with
an initial PSI 30% should be observed by keeping early
liver transplantation, or liver failure after hepatectomy in
mind; HCC should be watched for, regardless of PSI.
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Abstract
AIM: We have previously demonstrated that hepatitis C
virus (HCV) core protein is efficiently released into the
culture medium in insect cells. The objective of this study
is to characterize the HCV core secretion in insect cells.
METHODS: We constructed recombinant baculoviruses
expressing various-length of mutant core proteins, expressed
these proteins in insect cells, and examined core protein
secretion in insect cells.
RESULTS: Only wild type core was efficiently released into
the culture medium, although the protein expression level
of wild type core was lower than those of other mutant core
proteins. We found that the shorter form of the core construct
expressed the higher level of protein. However, if more than
18 amino acids of the core were truncated at the C-terminus,
core proteins were no longer secreted into the culture medium.
Membrane flotation data show that the secreted core proteins
are associated with the cellular membrane protein, indicating
that HCV core is secreted as a membrane complex.
CONCLUSION: The C-terminal 18 amino acids of HCV
core were crucial for core secretion into the culture media.
Since HCV replication occurs on lipid raft membrane structure,
these results suggest that HCV may utilize a unique core
release mechanism to escape immune surveillance, thereby
potentially representing the feature of HCV morphogenesis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis C virus (HCV) is the major etiologic agent of
transfusion-associated hepatitis[1-3] and is associated with a
chronic infection that leads to liver cirrhosis and hepatocellular
carcinoma[4,5]. HCV is an enveloped virus and its virion size
has been estimated at a diameter of 30-60 nm[6]. The virion
contains a single-stranded, positive-sense RNA genome of
approximately 9 600 nucleotides[7-10]. HCV belongs to the
Flaviviridae family[11,12] and its genomic sequence is related to
the flaviviruses and the pestiviruses[9,13]. The viral genome
encodes a polyprotein precursor of 3 010-3 030 amino
acids from one long open reading frame and is further
processed into multiple viral proteins[14-16]. The structural
proteins are processed by a host signal peptidase into a core
protein, envelope proteins E1 and E2, and p7[13,16,17]. The
viral nonstructural proteins are cleaved by viral proteinase
into serine protease, helicase, RNA polymerase, and functionally
undefined proteins. Biochemical properties of many
structural and nonstructural proteins have been extensively
characterized. However, studies on virion morphogenesis
and viral replication have been hampered by the inability to
propagate the viruses in a cell culture system.
The mechanism of HCV virion assembly is not yet
known because the expression of the HCV structural gene
in mammalian cells generates no detectable virion particles.
However, it has been reported that either virus-like particles
(VLPs) were produced in insect cells infected with recombinant baculoviruses expressing HCV structural proteins[18]
or nucleocapsid-like particles were self-assembled from
recombinant proteins purified in E. coli[19]. Furthermore,
previous study showed that HCV core proteins were secreted
in insect cells[20] and in mammalian cell culture[21]. In the present
study, we have further characterized the HCV core secretion
using recombinant baculovirus expression system in insect
cells. We found that C-terminal 18 amino acids of the core
were necessary for the secretion of core protein into the
culture media. Furthermore, HCV core is efficiently released
into the culture medium as a membrane-associated protein,
which may represent a unique mechanism of HCV core
assembly.
MA
TERIALS AND METHODS
MATERIALS
Construction of recombinant baculovirus shuttle vector
HCV cDNA sequence corresponding to the core protein
of the Korean isolate (genotype 1b)[22] was subcloned into
the baculovirus shuttle vector, pVL941, as described
previously[23]. Briefly, cDNAs corresponding to the both
wild type and mutant forms of HCV core protein were
amplified by polymerase chain reaction (PCR) using Taq
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DNA polymerase (Boehringer Mannheim). Each primer
contains a BamHI or a BglII site and a protein initiation
codon (ATG) at the front, and a stop codon (TGA) plus a
BamHI or a BglII endonuclease site at the end. The amplified
PCR product was gel-purified and digested with either BamHI
or BglII and inserted into the BamHI site of the pVL941
vector behind polyhedrin promoter.
Production of recombinant baculoviruses
Spodoptera frugiperda (Sf9) insect cells were co-transfected
with wild type baculovirus (Autographa californica nuclear
polyhedrosis virus, AcNPV) DNA and each recombinant
transfer vector DNA as described previously[23]. The supernatant
was harvested at 4 d after transfection and used for plaque
assays. Each virus isolated from a plaque was used to infect
Sf9 cells to obtain high titer of recombinant viruses. Protein
expression was examined either by SDS-PAGE and
Coomassie blue staining or by Western blot analysis.
Purification of secreted core protein
Sf9 cells were infected with recombinant baculoviruses at a
multiplicity of infection (m.o.i.) of 3 and incubated at 27 .
The culture supernatant was collected at 3 d after infection
and cell debris were removed by centrifugation at 3 500 r/min
for 15 min. Supernatant was further subjected to centrifugation
at 12 000 g for 30 min to eliminate the baculoviruses. The
supernatant was pelleted through 300 g/L sucrose cushion
for 90 min at 27 000 g using a SW 28 rotor. For velocity
centrifugation, the pellet was resuspended in PBS and layered
onto 200-600 g/L sucrose gradient and centrifuged at
using a SW 41 rotor. Twelve
38 000 g for 12 h at 4
fractions were collected from the top, diluted in PBS, and
subjected to centrifugation at 48 000 g for 90 min using a
SW 55 Ti rotor. The peak fractions were pooled and pelleted
as described above. The pellet was dissolved in sample buffer
and analyzed by Western blot using HCV patient sera.
Western blot analysis
Recombinant baculovirus-infected Sf9 cells were harvested
at 3 d after infection and washed twice in PBS. Either cell
lysates or secreted proteins were separated by electrophoresis
in 10-15% polyacrylamide gel containing 0.5% SDS and
transferred to a nitrocellulose membrane for 1 h. The
membrane was incubated with either HCV patient serum
or rabbit anti-HCV core antibody and proteins were visualized
as previously described[23].
Membrane flotation analysis
Sf9 insect cells were infected with recombinant baculoviruses
expressing full-length of HCV core protein. At 60 h after
infection, the culture supernatant was collected and cell
debris was removed by centrifugation at 3 500 r/min for
20 min. Culture supernatant was further subjected to centrifugation at 12 000 g for 30 min to eliminate the baculoviruses.
The supernatant was pelleted through 300 g/L sucrose
cushion for 90 min at 27 000 g using a SW 28 rotor. The
secreted HCV core proteins were subjected to equilibrium
density centrifugation and 1 mL of each fraction was
analyzed by immunoblotting using rabbit anti-HCV core
antibody as previously described[23].
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RESUL
TS
RESULTS
Expression of HCV core protein in insect cells
In order to understand the mechanism of HCV core secretion
in culture media, we generated recombinant baculoviruses
encoding full-length of HCV core protein and used them
to infect insect cells with low m.o.i. (103). Cell lysates were
prepared at 3 d after infection and analyzed for protein
expression by immunoblotting with HCV patient sera. As
shown in Figure 1A, recombinant baculovirus-infected cells
expressed the corresponding HCV core protein (lane 3).
Both wild type baculovirus (AcNPV)-infected and recombinant
baculovirus expressing small hepatitis delta antigen (SHDAg)infected cells[24] were compared as controls. To examine
whether HCV core proteins are released into the culture
medium, Sf9 cells were infected with either wild type or
recombinant baculoviruses and cell culture supernatants
were harvested at d 3 postinfection. The supernatants were
pelleted through a 300 g/L sucrose cushion and examined
for core secretion using HCV patient serum. The result
showed that the supernatant collected from the coreexpressing cells contained the core protein reacting with
HCV patient serum (Figure 1B, lane 3). Although SHDAg
protein was highly expressed in insect cells[24], this protein
was not released into the culture medium (data not shown).
We further looked for SHDAg release in the culture
supernatant harvested from SHDAg-expressing cells at d 4
postinfection. Although cytolysis started to occur at d 4
postinfection in insect cells[25], we were unable to detect
SHDAg in supernatant collected from SHDAg-expressing
cells (data not shown).
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Figure 1 Core proteins are secreted into the culture medium in insect cells. A:
Expression of HCV core protein in insect cells. cDNA corresponding to the HCV
core was subcloned into the BamHI site of the transfer vector pVL941 behind
polyhedrin promoter. Recombinant baculoviruses expressing HCV core protein
were produced as described in Materials and methods. Sf9 cells were infected
with either wild type (AcNPV) or recombinant baculoviruses expressing SHDAg,
or recombinant baculoviruses expressing HCV core protein and were harvested
at d 3 postinfection. Cell lysates were separated by SDS-containing polyacrylamide
gel electrophoresis, transferred to a nitrocellulose membrane. Proteins were
detected by Western blotting using HCV patient sera. Lane 1, Sf9 cells infected
with wild type baculoviruses; lane 2, Sf9 cells infected with recombinant baculovirus
expressing SHDAg; lane 3, Sf9 cells infected with recombinant baculovirus expressing
HCV core; B: The culture medium from (A) was centrifuged at 3 500 r/min for
15 min to remove cell debris. Supernatant was further centrifuged at 12 000 g for
30 min to remove baculoviruses. The resultant supernatant was then pelleted
through a 300 g/L sucrose cushion for 90 min at 27 000 g. The pellet was dissolved
in sample buffer and analyzed by Western blotting using HCV patient sera.
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Figure 2 Isolation of core proteins from cell culture supernatant. Sf9 cells were
infected with recombinant baculoviruses expressing HCV core protein. The culture
supernatant was collected at d 3 postinfection. Following removal of cell debris
and recombinant baculoviruses, the released core proteins were partially purified
through a sucrose cushion and were subjected to velocity gradient centrifugation.
Twelve fractions were collected and proteins were detected by Western blot
analysis using HCV patient sera.

Kinetics of core secretion
The HCV core secretion in recombinant baculovirus-infected
cells was examined over a 4-d period following infection. Sf9
cells were infected with recombinant baculovirus expressing
full-length HCV core and kinetics of protein expression in
cells and core secretion in culture media were examined.
Cell lysates and secreted core protein were prepared from
d 1 to d 4 after infection as described above. Two species
of HCV core proteins, M r 19 000 and M r 21 000, were
expressed in cells as early as d 1 (Figures 3A and C). Two
days after virus infection, intracellular core levels reached
plateau and gradually decreased thereafter. In contrast,
secreted core proteins were detected 2 d after the infection,
efficiently released into the culture medium and reached
plateau on the 3rd d, and maintained the similar level for an
additional day (Figures 3B and D). Trypan blue staining
result indicated that most of the recombinant baculovirusinfected cells were viable for 4 d (data not shown).
C-terminal 18 amino acids of core protein are essential for core
secretion
To examine which domain of the HCV core is required for
core secretion in insect cells, we constructed a series of Cterminal-deleted mutants (Figure 4A) and generated
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Characterization of secreted core proteins
To characterize the secreted core proteins, culture supernatant
harvested from recombinant baculovirus-infected cells was
pelleted through the 300 g/L sucrose cushion. The pellet
was then further subjected to sucrose velocity gradient
centrifugation. As shown in Figure 2, secreted core proteins
were located in specific fractions. When the peak fractions
were examined by electron microscopy, most of the released
core proteins were heterogeneous in size as reported[19] with
amorphous structure (Choi et al.[20], and data not shown).
We observed that some of the core proteins were easily
aggregated during preparation for electron microscopy. As
we previously reported, these secreted proteins have a buoyant
density of 1.25 g/mL in CsCl gradient separation[20].
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Figure 3 Kinetics of core protein secretion in culture medium of the recombinant
baculovirus-infected insect cells. Sf9 insect cells were infected with recombinant
baculoviruses expressing full-length core protein (A). Cell lysates were prepared
from d 1 to d 4 postinfection, and separated by SDS-PAGE on a 15% gel and Western
blotted with an HCV patient serum (B); Culture supernatants were harvested from
d 1 to d 4 postinfection and secreted core proteins were detected by Western blot
analysis. Kinetics of intracellular core protein (C) and extracellular core protein (D)
productions were quantified using a densitometric scanner (Molecular Dynamics).

recombinant baculoviruses by co-transfecting insect cells
with each mutant DNA and wild type baculovirus DNA.
Using low titer (10 3 PFU/mL) of these recombinant
baculoviruses, Sf9 insect cells were infected and protein
expressions were determined using cell lysates. As shown in
Figure 4B, all mutant viruses expressed the expected
molecular mass of proteins. This was further confirmed
by Western blot analysis (Figure 4C). It is noteworthy that
the shorter form of the core construct expressed the higher
level of protein. We proceeded to purify the secreted core
from each culture supernatant in the same way as described
above. Figure 4D showed that full-length core (C191) was
efficiently released into the culture medium, although the
protein expression level of C191 was lower than those of
other mutant core proteins. However, if C-terminal 18
amino acids of the core were deleted, core proteins were no
longer secreted into the culture medium, indicating that Cterminal 18 amino acids of HCV core were crucial for core
secretion into the culture media. We next examined whether
the C-terminal domain of HCV core could be replaced with
the comparable domains of other related hepatitis viruses. For
this purpose, we replaced C-terminal 18 aa of HCV core with
either C-terminal 18 aa of hepatitis B virus surface antigen
(HBsAg) or C-terminal 19 aa of large delta antigen of
hepatitis delta virus[24]. Although these chimera proteins were
highly expressed in insect cells, none of these proteins were
released into the culture medium (data not shown), suggesting
that authentic core sequence is necessary for secretion.
Membrane association of the secreted core protein
Recently, we showed that HCV core and NS5A protein are
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Figure 4 Effects of mutant core proteins on core secretion. (A) Schematic
diagram illustrating the recombinant baculoviruses expressing truncated forms
of core protein. Mutant core constructs were generated by PCR and the subsequent
recombinant baculoviruses were made as described in Materials and methods.
Protein expression of each mutant was confirmed by SDS-PAGE and Coomassie
Brilliant Blue staining (B) and Western blot analysis by using HCV patient serum

(C). (D) Determination of extracellular core release among wild type and mutant
core proteins. Insect cells were infected with recombinant baculoviruses expressing
wild type and various mutant forms of core proteins and harvested at d 3
postinfection. Culture supernatants were partially purified and determined for
core secretion by Western blot analysis as described in the legend to Figure 1B.

associated with cellular membrane[26] and HCV replication
occurs on lipid raft membrane structure[27]. To investigate
whether extracellular form of core proteins were secreted
as a membrane complex, we separated the released core
proteins into membrane and cytosol fractions using the
membrane flotation method as previously described[23]. The
presence of the core protein in each fraction was determined
by immunoblotting using a rabbit anti-core antibody. As
shown in Figure 5, the secreted HCV core protein was found
in both membranous and cytosolic fractions. This result
indicates that the secreted core proteins are associated with
some membranous materials.

DISCUSSION
It has been previously reported that HCV core without envelope
proteins could form a capsid in an acellular assay[19,28] and
secreted core protein has also been detected in mammalian
cells[21]. Recently, we have demonstrated that HCV core
protein is efficiently released into the culture medium in
insect cells[20]. To further understand the mechanisms of
core assembly and HCV morphogenesis, we studied the
HCV core secretion in insect cells using mutant forms of
core protein. We constructed recombinant baculoviruses
expressing various-length of HCV core proteins and were
used to infect Sf9 insect cells. Culture supernatants harvested
from recombinant baculovirus-infected cells were examined
to see which domain of core protein is required for core
secretion. As we previously reported[20], full-length HCV
core protein was efficiently released in cell culture media.
However, C-terminal-truncated mutant core proteins were
not able to be released into culture media although protein
expression levels were higher than that of wild type core
protein. This result suggests that C-terminal 18 amino acids
are essential for core protein secretion in insect cells. We
further showed that secreted core proteins are amorphous
in structure and are released into the medium as a membrane
complex. This result is consistent with the finding that both
core and NS5A are associated with intracellular membranes[27],
which may play a role in the pathogenesis of HCV. Previously,
it has been demonstrated that VLPs produced from recombinant
baculoviruses expressing a part of the 5’ UTR and structural
proteins were retained in intracellular membrane vesicles
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Figure 5 Membrane flotation analysis of secreted core proteins. Sf9 insect cells
were infected with recombinant baculoviruses expressing full-length HCV core
protein. Culture supernatant was collected at 60 h postinfection and secreted
core proteins were partially purified as described in Materials and methods. The
sample was then subjected to fractionation by equilibrium sucrose gradient
centrifugation. Eleven fractions collected from the top were analyzed by Western
blotting using rabbit anti-HCV core antibody.
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and were not released into the culture medium[18]. In fact,
transmembrane domains of E1 and E2 function as retention
signals in the endoplasmic reticulum (ER) compartment. It
has been reported that E1 and E2 of HCV formed a complex
and were retained to the ER[29,30]. Moreover, core protein
co-localized with the E2 protein[31]. This may be the reason
why core protein alone, if envelope proteins were not present,
was efficiently released into the culture media.
Previously, many capsid proteins of non-enveloped
viruses were reported to assemble into VLPs, including B19
parvovirus[32], Norwalk virus[33], papillomavirus[34], rotavirus[35,36],
and rabbit hemorrhagic disease virus[37]. Similarly, HCV core
protein without envelope proteins may be assembled into
particle-like structure. HCV is an enveloped virus. How HCV
core alone, in the absence of envelope proteins, could be
assembled into particles is an intriguing question. Nevertheless,
there are similar bodies of evidence that gag protein precursor
of HIV-1[38], HIV-2[39], or simian immunodeficiency virus[40]
self-assembled into VLPs in recombinant baculovirusinfected insect cells. Budding of rabies virus particles also
occurred in the absence of glycoprotein[41]. Therefore, HCV
seems to employ a similar assembly mechanism to those of
retroviruses and rhabdoviruses. One study showed that VLPs
were not produced from the Huh-7 cells carrying the fulllength HCV genome[42]. To date, it is uncertain how virions
are assembled in HCV-infected patients.
It is not clear how HCV core protein itself can be
efficiently secreted into insect culture media. In this study,
core protein was released out of the cells as early as 2 d
after infection. This result suggests that HCV core has the
intrinsic capacity to be secreted in culture media. Kunkel et
al.[19], reported that N-terminal 124 aa residues of the core
(genotype 1a) were sufficient for self-assembly into
nucleocapsid-like particles. In contrast, our data suggest that
full-length of core should be necessary for core assembly.
The discrepancy between the two systems may be due to
the different genotypes or different expression systems.
However, it is consistent that C-terminal hydrophobic sequence
(E1 peptidase signal) inhibits high level of protein expression
in both prokaryotic and eukaryotic cell culture systems. In
mammalian cells, the C-terminally truncated core 173 is
translocated into the nucleus, whereas intact core is destined
to the ER[43,44]. This is why core 173 could not be released
into the medium although its intracellular expression level
was high. In this study we showed that only the full-length
core was efficiently released into the culture medium,
although the protein expression level of the full-length core
was lower than those of other mutant core proteins.
Furthermore, the comparable domains of other hepatitis
viruses were unable to replace the function of C-terminal
region of HCV core. It is hence conceivable that the Cterminal domain of HCV core, in addition to being a signal
sequence for E1 protein, has intrinsic function in secretion.
It is also possible that C-terminal domain of HCV core
may interact with cellular proteins specifically.
We have compared the viability of cells infected with
recombinant baculovirus expressing HCV core and those
infected with wild type or recombinant baculoviruses expressing
HCV 5A or 5B. All of these cells showed the similar level
of viability after virus infection, indicating that HCV core
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was not toxic to the insect cells (data not shown). We also
used low titer of virus (m.o.i. of 3) to infect cells in order
to prevent cells from baculovirus-induced cytolysis[25]. Since
most of the cells were alive at the time of harvest, the
release of core protein in culture media is not due to cytolysis.
It may represent a unique mechanism of the HCV core
secretion. Indeed, it has been shown that HCV core protein
was also secreted from mammalian cell lines in culture[21].
Recently, Maillard et al.[45], reported that nonenveloped HCV
nucleocapsids were overproduced in the plasma of HCV
patients and released into the bloodstream. They also found
that nucleocapsid-like particles but not VLPs were produced
in insect cells infected with recombinant baculovirus
expressing entire structural proteins. Our study together with
these reports strongly suggests that the production of
nonenveloped HCV capsids may represent the feature of
HCV morphogenesis. HCV may utilize a unique core release
mechanism to escape immune surveillance and hence may
play a role in HCV pathogenesis.
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Abstract
AIM: To investigate the transactivating effect of complete
S protein of hepatitis B virus (HBV) and to construct a
subtractive cDNA library of genes transactivated by complete
S protein of HBV by suppression subtractive hybridization
(SSH) technique and to clone genes associated with its
transactivation activity, and to pave the way for elucidating
the pathogenesis of hepatitis B virus infection.
METHODS: pcDNA3.1(-)-complete S containing full-length
HBV S gene was constructed by insertion of HBV complete
S gene into BamH I/Kpn I sites. HepG2 cells were
cotransfected with pcDNA3.1(-)-complete S and pSV-lacZ.
After 48 h, cells were collected and detected for the expression
of β-galactosidase (β-gal). Suppression subtractive
hybridization and bioinformatics techniques were used.
The mRNA of HepG2 cells transfected with pcDNA3.1(-)complete S and pcDNA3.1(-) empty vector was isolated,
and detected for the expression of complete S protein by
reverse transcription polymerase chain reaction (RT-PCR)
method, and cDNA was synthesized. After digestion with
restriction enzyme RsaI, cDNA fragments were obtained.
Tester cDNA was then divided into two groups and ligated
to the specific adaptors 1 and 2, respectively. After tester
cDNA had been hybridized with driver cDNA twice and
underwent nested PCR twice, amplified cDNA fragments
were subcloned into pGEM-Teasy vectors to set up the
subtractive library. Amplification of the library was carried
out within E. coli strain DH5α. The cDNA was sequenced

and analyzed in GenBank with BLAST search after
polymerase chain reaction (PCR) amplification.
RESULTS: The complete S mRNA could be detected by
RT-PCR in HepG2 cells transfected with the pcDNA3.1(-)complete S. The activity of β-gal in HepG2 cells transfected
with the pcDNA3.1(-)-complete S was 6.9 times higher
than that of control plasmid. The subtractive library of
genes transactivated by HBV complete S protein was
constructed successfully. The amplified library contains
86 positive clones. Colony PCR showed that 86 clones
contained DNA inserts of 200-1 000 bp, respectively.
Sequence analysis was performed in 35 clones randomly,
and the full length sequences were obtained with
bioinformatics method and searched for homologous DNA
sequence from GenBank, altogether 33 coding sequences
were obtained. These cDNA sequences might be target genes
transactivated by complete S protein of HBV. Moreover, two
unknown genes were discovered, full length coding
sequences were obtained by bioinformatics techniques,
one of them was named complete S transactivated protein
1 (CSTP1) and registered in GenBank (AY553877).
CONCLUSION: The complete S gene of HBV has a
transactivating effect on SV40 early promoter. A
subtractive cDNA library of genes transactivated by HBV
complete S protein using SSH technique has been
constructed successfully. The obtained sequences may
be target genes transactivated by HBV complete S protein
among which some genes coding proteins are involved
in cell cycle regulation, metabolism, immunity, signal
transduction, cell apoptosis and formation mechanism of
hepatic carcinoma.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis B virus (HBV) genome is defined as four open
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read frames (ORFs), which are named as the regions of S,
C, P, X, respectively. The region of S is divided into the
sub-regions of pre-S1, pre-S2 and S according to different
initial code ATG in frame. Dong et al.[1], have shown that
there is ORF before pre-S1 region in the genome of HBV
from serum of patients with long and accurate polymerase
chain reaction (LA-PCR). This region is 135 bp, which is
named temporarily as pre-pre-S and its promoter activities
are confirmed in 277 bp upstream nucleotide sequences
before pre-S1 gene[2]. Pre-pre-S, pre-S1, pre-S2 and S genes
are translated in frame according to the same ORF. It is
well-known that HBV causes acute and chronic infections
of the liver, especially chronic infections may result in
remarkable consequences [3]. HBV is considered to be a
major etiological factor in the development of human
hepatocellular carcinoma (HCC)[4-9]. Although the precise
role of HBV in the etiology of HCC is not well understood,
data have shown that some HBV proteins can exert a
significant transactivating activity on both viral and cellular
promoter[10]. This mechanism may have a close relation with
the formation of HCC.
Suppression subtractive hybridization (SSH) is a widely
used new technique in the cloning of genes transactivated
by viral proteins[11]. Complete S of HBV includes pre-pre-S,
pre-S1, pre-S2 and S regions, complete S protein functions
as a transcriptional transactivator. In the present study, we
have successfully constructed the subtractive library of genes
transactivated by HBV complete S protein.

MA
TERIALS AND METHODS
MATERIALS
Construction and identification of expression vector
The complete S gene was prepared by PCR amplification
using plasmid G376 A7 (GenBank number: AF384371) as
template[1,12,13], sense (5’-GGA TCC ATG CAG TTA ATC
ATT ACT TCC-3’) and antisense (5’-GGT ACC AAT GTA
TAC CCA AAG ACA AAA G-3’) primers (Shanghai BioAsia
Biotech Co., Ltd, China). As these primers contain BamHI
and KpnI (Takara) recognition sites on their respective
5’-ends, the amplified 1 338 bp PCR fragment was subcloned
into the BamHI and KpnI sites of pcDNA3.1(-) vector
(Invitrogen Co., USA). The expression vector, pcDNA3.1
(-)-complete S which could directly express complete S
fusion protein was obtained, then identified by PCR and
digested by BamHI/KpnI.
Expression of pcDNA3.1 (–)-complete S in HepG2 cells
HepG2 cells were transiently transfected with pcDNA3.1
(-)-complete S. At the same time, empty vectors were also
transfected into cells as controls. HepG2 cells were plated
at a density of 1.5×106 in a 35 mm plate in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with
100 mL/L heat-inactivated fetal bovine serum (FBS). After
24 h of growth to 40-50% confluence, the cells were
transfected with plasmids using FuGENE6 transfection
reagent following the manufacturer’s protocol (Roche C,
USA).
mRNA and cDNA isolation
The mRNA from HepG2 cells transfected with pcDNA3.1
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(-)-complete S and pcDNA3.1(-) empty vector was isolated
using micro mRNA purification kit (Amersham Biosciences,
Co., USA). cDNAs were reverse-transcribed from total
RNA. Identification was done by PCR with complete S
sequence-specific primers.
Cotransfection with reporter vector pSV-lacZ
HepG2 cells were transfected with various concentrations
of plasmid pSV-lacZ (0.1-1.8 µg) (Promega Co., USA).
Expression of β-gal was detected by a β-gal assay kit
(Promega, Co., USA). In pSV-LacZ the LacZ gene was under
the control of the SV40 early promoter element. The optimal
concentration of pSV-lacZ plasmid DNA was selected,
HepG2 cells was cotransfected with pSV-lacZ and pcDNA3.1
(-)-complete S (2.0 µg). At the same time, cotransfected
HepG2 cells transfected with empty pcDNA3.1(-) (2.0 µg)
and pSV-lacZ were used as controls. After 48 h, cells were
collected and detected for the expression of β-gal.
Generation of subtractive cDNA library
Gene expression comparisons by suppression subtractive
hybridization according to the manufacturer’s instructions
of PCR-selectTM cDNA subtraction kit (Clontech Co., USA).
In brief, 2 µg of mRNA from the tester and the driver was
subjected to cDNA synthesis. Tester and driver cDNAs were
digested with RsaI. The tester cDNA was subdivided into
two portions, and each was ligated with a different cDNA
adapter. In the first hybridization reaction, an excess of
driver cDNA was added to each sample of tester. The
samples were heat denatured and allowed to anneal. Because
of the second-order kinetics of hybridization, the
concentration of high- and low-abundance sequences was
equalized among the single-stranded tester molecules. At the
same time single-stranded tester molecules were significantly
enriched for differentially expressed sequences. During the
second hybridization, two primary hybridization samples
were mixed without denaturization. Only the remaining
equalized and subtracted single-stranded tester cDNAs could
re-associate forming double-stranded tester molecules
with different ends. After filling in the ends with DNA
polymerase, the entire population of molecules was subjected
to nested PCR with two adapter-specific primer pairs.
PCR analysis of subtraction efficiency
PCR was performed on un-subtracted and subtracted
secondary PCR products with the G3PDH 5’- and 3’-primers,
respectively. From each reaction, 5 µL sample was removed,
and the rest of the reaction was put back into the thermal
cycler for five more cycles. The above step was repeated
thrice, and then 5 µL sample (i.e., the aliquots were removed
from each reaction after 18, 23, 28, and 33 cycles) was
examined on 2.0% agarose gel.
Cloning subtractive library into pGEM-teasy vector
The amplified products containing a subtractive cDNA
library (6 µL) were cloned into a pGEM-teasy vector
(Promega Co., USA). Subsequently, Plasmid DNA was
transformed into E. coli strain DH5α. Bacteria were taken
up in 800 µL of LB medium and incubated for 45 min at
37 . Bacteria were plated onto agar plates containing
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ampicillin (100 µg/mL), 5-bromo-4-chloro-3-indolyl-βD-galactoside (X-Gal; 20 µg/cm 2), and isopropyl-β-Dthiogalactoside (IPTG; 12.1 µg/cm 2) and incubated
overnight at 37 . Positive (white) colonies were picked
out and identified by PCR. Primers were T7/SP6 primer
of pGEM-teasy vector. After the positive colonies were
sequenced (Shanghai BioAsia Biotechnology Co., Ltd, China),
nucleic acid sequence homology searches were performed
using the BLAST (basic local alignment search tool) server
at the National Center for Biotechnology Information.

RESUL
TS
RESULTS
Identification of expression vector
Restriction enzyme analysis of pcDNA3.1(-)-complete S
plasmid cleaved with BamHI and KpnI yielded two bands:
5 396 bp empty pcDNA3.1(-) and 1 338 bp HBV complete
S, and only one 6 734 bp band (5 396 bp+1 338 bp), it was
cleaved with Kpnl. The plasmid by PCR amplification with
complete S-specific primers got a clear band with the
expected size (1 338 bp). The sequence of the PCR product
was correct (Figure 1).

Identification of HBV complete S transient expression
Reverse-transcription by three different Oligo dT,
identification of cDNA by PCR yielded a common 1.338
bp band (Figure 2).
The stable expression of pcDNA3.1(-)-complete S in
HepG2 cells was also confirmed by Western blotting
hybridization at a high level.
Result of cotransfection of pSV-lacZ and pcDNA3.1(-)complete S
The best concentration was at 1.0 µg of pSV-lacZ. When
cotransfected with pcDNA3.1(-)-complete S and pSV-lacZ,
the A data about the expression of β-gal were 0.228. In
contrast, the expression of β-gal cotransfected with empty
pcDNA3.1(-) and pSV-lacZ was 0.033. Expression of β-gal
was 6.9-fold higher when cotransfected with pcDNA3.1(-)complete S and pSV-lacZ than when cotransfected with
empty pcDNA3.1(-) and pSV-lacZ. The significant increase
of expression of β-gal was attributed to the transactivating
effect of HBV complete S protein on early promoter of
SV40, thus increasing the expression of downstream gene
lacZ (Figure 3).
Result of PCR analysis of subtraction efficiency
The G3PDH (a housekeeping gene) primers were used to
confirm the reduced relative abundance of G3PDH
following the PCR selection procedure. The result displayed
that the G3PDH abundance of subtracted secondary
PCR products significantly decreased compared to the
un-subtracted one, indicating that the subtractive library had
a high subtraction efficiency (Figure 4).
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Figure 1 Electrophoresis of PCR products of pcDNA3-complete S and cleaved
restriction enzyme (A). Structure of expression vector pcDNA3.1(-)-complete S
plasmid(B).
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Figure 3 Result of β-galactosidase enzyme analysis.
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Figure 2 Electrophoresis of RT-PCR products in 0.9% agarose gel. Lane 1:
negative control; lanes 2-4: mRNA isolated from pcDNA3.1(-)-complete S; lane
5: blank control; M: DNA marker (2 000 bp).

Figure 4 Reduction of G3PDH abundance by PCR-selection subtraction.
Lanes 1 and 5: 18 cycles; lanes 2 and 6: 23 cycles; lanes 3 and 7: 28 cycles;
lanes 4 and 8: 33 cycles. Lane M: marker (2 000 bp).
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Analysis of subtractive library
Using suppression subtractive hybridization technique, we
obtained a total of 86 positive clones. These clones were
prescreened by PCR amplification to ensure that only clones
with different inserts were subjected to sequencing analysis
(Figure 5). Eighty-six clones contained 200-1 000 bp
inserts. A total of 35 clones from cDNA library were
randomly selected and sequenced, and 33 coding sequences
were obtained. The data are presented in Table 1. The
smear difference in subtractive library was displayed after
electrophoresis of PCR products on 2% agarose gel (Figure 6).

42 43 44 45 46 47 48 49 50 51 52 M

53 54 55 56 57 58 59 60 61 62 63 M

Figure 5 Electrophoresis of PCR products of part clones (42-63) on 0.9%
agarose gel; M: marker (2 000 bp).

2 000

200

Figure 6 Smears of HBV complete S after PCR.

DISCUSSION
The open reading frame of HBV complete S gene consists
of four coding regions: pre-pre-S, pre-S1, pre-S2 and S,
each starting with an ATG codon in frame. Through in
frame translational initiation at each of the four ATG
codons, complete S (pre-pre-S +pre-S1+pre-S2+S), large
(LHBs; pre-S1+pre-S2+S), middle (MHBs; pre-S2+S) and small
(SHBs; S) envelope glycoproteins can be synthesized[14-18].
The transactivator function of the surface protein requires
the cytoplasmic orientation of the pre-S2 domain (the
minimal functional unit) that occurs in the case of MHBst
and in a fraction of Labs[19,20]. Some studies indicate the
biological significance of the pre-S2 transactivators[21]. But
we firstly discussed the transactivator function of HBV
complete S protein in the present study.
We cotransfected HepG2 cells with pcDNA3.1(-)complete S and pSV-lacZ and demonstrated that the HBV
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Table 1 Comparison between positive clones and GenBank homology
sequences
High similarity between proteins and known genes

Number of
similar clones

Homo sapiens amino acid transporter system A2 (ATA2)
Homo sapiens heat shock 90 ku protein 1, (HSPCA)

2
4

Homo sapiens fibrinogen
Homo sapiens CDK4

1
5

Homo sapiens ribosomal protein
Homo sapiens translational initiation factor

1
1

Homo sapiens synaptophysin-like protein
Human mRNA for cytosolic malate dehydrogenase

1
1

Homo sapiens cytochrome c oxidase subunit I
Homo sapiens adenylate kinase 2 (AK2)

2
1

Homo sapiens NADH dehydrogenase
Human complement component C3 mRNA

1
1

Homo sapiens insulin-like growth factor binding protein 1
Homo sapiens SMT3 suppressor of mif two 3 homolog 2

1
1

Homo sapiens succinate dehydrogenase complex
Homo sapiens apolipoprotein H (beta-2-glycoprotein I) (APOH)

1
1

Homo sapiens BRCA2 and Cip1/p21 interacting protein splice variant
Homo sapiens Sec23 homolog A

1
1

Homo sapiens glutamate dehydrogenase 1
Homo sapiens proteasome (prosome, macropain) subunit

1
2

Homo sapiens eukaryotic translation elongation factor 1
Homo sapiens polymerase (RNA) I polypeptide D

1
2

complete S protein was successfully expressed in transfected
HepG2 cells. Expression of β-gal was 6.9-fold higher when
cotransfected with pcDNA3.1(-)-complete S and pSV-lacZ
than when cotransfected with empty pcDNA3.1(-) and
pSV-lacZ. HBV complete S had significant transactivating
effect on early promoter of SV40 virus, thus increasing the
expression of downstream gene lacZ. This result indicates
that the HBV complete S protein expressed in HepG2 cells
retains its biological activity in terms of transcriptional
activation.
To get insight into the transactivation mechanism of
HBV complete S protein, SSH was used for identification
of transactivating target genes of complete S protein, and
subtractive library was set up successfully. Sequence analysis
was performed for 35 clones, and 33 coding sequences
were obtained. These genes can be divided into four groups:
(1) The genes involved in cell structure and cell cycle
that possess the important ability to control cell growth,
differentiation and adherence, such as ribosomal protein,
mitochondrion, eukaryotic translation elongation factor.
(2) The genes related to cell energy or substance
metabolism (i.e., NADH dehydrogenase 2, cytochrome C
oxidase II, etc.).
(3) The genes involved in the mechanism underlying
the development of hepatocellular carcinoma. Cyclindependent kinase 4 (CDK4) is a key regulator of cell cycle.
It has been shown that a variety of cell cycle-related proteins
play an important role in the process of hepatocarcinogenesis.
CDK4 is related to the regulation of the cyclin G1 phase,
and significantly elevates in HCC compared to surrounding
cirrhotic tissues by Western blot and in vitro kinase assays.
The enhanced cyclin D1-related kinase activity in HCC was
accompanied with the up-regulation of CDK4 activity. In
addition, the protein levels and kinase activities of CDK4
are higher in poorly differentiated and advanced HCC. In
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conclusion, the increases of cyclin D1 and CDK4 play an
important role in the development of HCC. CDK4 activation
may be closely related to the histopathologic grade and
progression of HCC[22-24]. But CDK4 does not increase in
children with hepatic carcinoma[25]. Amino acid transporter
system A2 (ATA2) is responsible for Na+-independent
amino acid transporter system. When amino acid is starved,
the expression of ATA2 increases, suggesting that this
expression is directly related to the activity of amino acid
transporter [26] . Its mRNA increases in the biopsy of
hepatocirrhosis and hepatic carcinoma [27], especially in
chorion after hepatectomy, suggesting that ATA2 is closely
associated with hepatic regeneration[26,28]. ATA2 is cloned in
hepatic carcinoma HepG2, and increases in patients of
hepatic carcinoma[29].
(4) The genes controlling hepatic cell infection and
apoptosis, such as adenylate kinase 2(AK2) protein. AK2
gene located at the right arm of the second chromosome
may play a role in maintaining the levels of ADP/ATP by
releasing two-molecule ADP from ATP to AMP[30]. The
release of two mitochondrial proteins, cytochrome C and
apoptosis-inducing factor (AIF), into the soluble cytoplasm
of cells undergoing apoptosis has been well established.
Since only AK2 intermembrane proteins release from
mitochondria during the early phase of the apoptotic
process, AK2 is very important in cell apoptosis. AK2 and
cytochrome C are translocated in cytoplasm gelatum in
apoptosis model[31]. Therefore AK2 plays a role in inducing
cell apoptosis. Apolipoprotein H (APOH), is named as beta2-glycoprotein I and anticoagulative serum protein. The
polyomorphous APOH gene is closely related to fat
metabolism, coagulation and hypertension[32]. It is the pre-S
of HBsAg that results in HBsAg combination with APOH.
Resecting phosphatide and oxygenated phosphatide could
disturb this mutual action, suggesting that this action is
involved in the ectoblastic phosphatide[33]. Furthermore, it
is restrained from rebuilding HBsAg, anti-HBsAg and
APOH. APOH may be the vector of HBV and plays a role
in HBV infection. APOH chiefly combines with complete
Dane HBV particle with telescope, and the activity of
APOH-HBsAg is the highest in patients with active
duplication[33]. This combination facilitates virus particle
entrancing hepatic cells, and plays an important role in the
beginning of HBV infection[34].
We testified the transactivator ability of HBV complete
S protein, and constructed the subtractive cDNA library
of genes transactivated by complete S protein. These genes
are closely correlated with carbohydrate metabolism,
immunoregulation, occurrence and development of tumor.
How these genes affect occurrence and development of
chronic hepatitis B, hepatic fibrosis and hepatocarcinoma
needs to be further studied.
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Abstract
AIM: To investigate the biological function of complete S
protein and to look for proteins interacting with complete
S protein in hepatocytes.
METHODS: We constructed bait plasmid expressing
complete S protein of HBV by cloning the gene of complete
S protein into pGBKT7, then the recombinant plasmid DNA
was transformed into yeast AH109 (a type). The transformed
yeast AH109 was mated with yeast Y187 (α type) containing
liver cDNA library plasmid in 2×YPDA medium. Diploid yeast
was plated on synthetic dropout nutrient medium (SD/Trp-Leu-His-Ade) containing X-α-gal for selection and
screening. After extracting and sequencing of plasmids
from positive (blue) colonies, we underwent sequence
analysis by bioinformatics.
RESULTS: Nineteen colonies were selected and sequenced.
Among them, five colonies were Homo sapiens solute
carrier family 25, member 23 (SLC25A23), one was Homo
sapiens calreticulin, one was human serum albumin (ALB)
gene, one was Homo sapiens metallothionein 2A, two were
Homo sapiens betaine-homocysteine methyltransferase,
three were Homo sapiens Na+ and H+ coupled amino acid
transport system N, one was Homo sapiens CD81 antigen
(target of anti-proliferative antibody 1) (CD81), three were
Homo sapiens diazepam binding inhibitor, two colonies
were new genes with unknown function.
CONCLUSION: The yeast-two hybrid system is an
effective method for identifying hepatocyte proteins
interacting with complete S protein of HBV. The complete

S protein may bind to different proteins i.e., its multiple
functions in vivo.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis B virus (HBV) causes acute and chronic infections
of the liver. Acute infections may produce serious diseases,
and approximately 0.5% of the diseases will develop into
fatal, fulminant hepatitis. Chronic infections may also have
remarkable consequences[1]. Thus HBV is considered to be
a major etiological factor in the development of human
hepatocellular carcinoma (HCC), one of the most frequent
fatal malignancies worldwide, and worldwide deaths of HCC
exceed one million per year[2-7]. Epidemiological studies have
demonstrated an approximately 10-fold increase in the
relative risk of HCC among HBV carriers compared to
non-carrier.
The precise role of HBV in the etiology of HCC is not
well understood. Only occasionally, genes controlling cell
growth and differentiation are disturbed by integration of
HBV DNA sequences. An alternative mechanism of chronic
infections and hepatocarcinogenesis may be the key steps
to mutual interaction between viral proteins and hepatocellular
proteins, this action may mediate virus to enter into the
liver cells and affect the activities and function of these
proteins. Moreover, the protein from hepatocytes infected
with HBV inversely disturbs virus replication and reduces
immunity of the host, resulting in chronic liver diseases
and HCC. Elucidating this interaction between these proteins
may help to bring some new clues for discovering the
pathogenesis of viral hepatitis.
The first full length nucleotide sequence of HBV was
published in 1979. Its length is 3 182 nt, and the serum
type is ayw. The four open read frames (ORF) defined in
HBV genome at that time, are named as the regions of S,
C, P and X. The region of S is divided into the sub-regions
of pre-S1, pre-S2 and S according to different initial code
ATG in frame. Dong et al.[8], have shown that there is an
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open read frame (ORF) before pre-S1 region in the genome
of HBV, amplified from serum of patients infected with
HBV by long and accurate polymerase chain reaction (LAPCR). This region is 135 bp, and named temporarily as
pre-pre-S and its promoter activities have been confirmed
in 277 bp upstream nucleotide sequences before pre-S1
gene[9]. Pre-pre-S, pre-S1, pre-S2 and S genes are translated
in frame according to the same ORF, complete S of HBV,
including pre-pre-S, pre-S1, pre-S2 and S regions.
The function of the complete S protein in the life cycle
of HBV remains unknown. To investigate the biological
importance of the complete S protein, we screened and
identified the proteins interacting with HBV complete S
protein by yeast-two hybrid system to elucidate the biological
functions of complete S protein of HBV genome.

MA
TERIALS AND METHODS
MATERIALS
Bacterials, yeast strains and plasmids
All yeast strains and plasmids for yeast-two hybrid experiments
were obtained from Clontech Co. (Palo Alto, CA, USA) as
components of the MATCHMAKER two hybrid system
3. Yeast strain AH109 (MATa, trp1-901, leu2-3,112, ura352, his3-200, gal4 , gal80 , LYS2: GAL1UAS-GAL1TATAHIS3, GAL2 UAS-GAL2 TATA-ADE2, URA3: MEL1 UASMEL1TATA-LacZ) containing pGBKT7-53, coding for DNABD/mouse p53 fusing protein was used for cloning of bait
plasmid. Yeast strain Y187 (MATa ura3-52, his3-200, Ade2101, trp1-901, leu2-3, 112, gal4 , gal80 , met-, URA3:
GAL1 UAS-GAL1 TATA-lacZ MEL1) containing pTD1-1,
coding for AD/SV40 large T antigen fusing protein was
used for cloning of library plasmids. Pre-transformed human
cDNA liver cell library Y187 and bacterial strain DH5a
were used for cloning of shuttle plasmids. Yeast-Escherichia
coli shuttle plasmids, pGBKT7 DNA-BD cloning plasmid,
pGADT7 AD cloning plasmid, pGBKT7-53 control
plasmid, pGADT7, pGBKT7-Lam control plasmid, pCL1
plasmid were all from Clontech Co. (K1612-1). pGEM T
vector was from Promega Co., USA.
Chemical agents and culture media
Taq DNA polymerase was purchased from MBI Co., T4
DNA ligase, EcoRI and BamHI restriction endonuclease were
from Takara Co., Japan. Anti-c-myc monoclonal antibody
secreted by 1-9E10.2 hybridoma (ATCC) was prepared in
our laboratory. Goat anti-mouse IgG conjugated with
horseradish peroxidase was from Zhongshan Co., China.
Lithium acetate, semi-sulfate adenine, acrylamide and N,
N’-bis-acrylamide were from Sigma Co., and TEMED was
from Boehringer Mannheim Co. Tryptone and yeast extracts
were from OXOID Co. X-α-gal and culture media: YPDA,
SD/-Trp SD/-Leu, SD/-Trp/-Leu, SD/-Trp/-Leu/-His,
SD/-Trp/-Leu/-His/-Ade were from Clontech C., proteinG agarose was from Roche C., and pGEM-T vector was
from Promega Co.
RT-PCR kit and TNT  coupled reticulocyte lysate
systems were from Promega Co. [35S]-methionine (1 000
Ci/mmol, 10 mCi/mL) was from Isotope Company of China.
Amplification fluorographic reagent (#NAMP100) was from
Amersham Life Sciences Co. Others reagents were from
Sigma Co., USA.
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Construction of “bait” plasmid and expression of HBV
complete S protein
HBV-complete S sequences were generated by PCR
amplification using the plasmid G376 A7 (GenBank number:
AF384371[8,10-13]) as template. The sequences of the primers
containing the EcoRI and BamHI restriction enzyme sites
were: sense primer (EcoRI): 5’-GAA TTC ATG CAG TTA
ATC ATT ACT TCC-3’; antisense primer (BamHI): 5’-GGA
TCC TCA AAT GTA TAC CCA AAG AC-3’. The PCR
conditions were at 94 for 60 s, at 55 for 60 s, at 72
for 90 s. Ten nanograms of PCR product was cloned with
pGEM-T vector. The primary structure of insert was
confirmed by direct sequencing. The fragment of encoding
complete S was released from the pGEM-T- complete S by
digestion with EcoRI and BamHI, and ligated to pGBKT7.
Vector pGBKT7 expressing proteins were fused with amino
acids 1-147 of the GAL4 DNA binding domain (DNABD), pGADT7 expressing proteins were fused with amino
acids 768-881 of the GAL4 activation domain (AD). Plasmid
pGBKT7-complete S (Figure 1) containing full-length HBV
complete S gene could express DNA binding domain, c-myc
and complete S fusion protein. The plasmid was transformed
into yeast strain AH109 by lithium acetate method[14]. Western
blotting was performed to confirm the expression of the fusion
protein using anti-c-myc monoclonal antibody. Transformed
AH109 (bait) was cultured on quadruple dropout media to
exclude the auto-activation activity.

f1 ori

ADH1 promoter
DNA-BD

TRP1 gene

c-Myc

TRP1 promotor

Eco RI (1 300)
HBVcomplete S

pGBKT7-complete S
7 786 bp

BamHI (1 798)
Zu

ADH1 terminator
Kan

pUC ori

Figure 1 Structure of “bait” plasmid pGBKT7-complete S.

Yeast-two hybrid library screening using yeast mating
One large (2-3 mm), fresh (<2 mo old) colony of AH109
[bait] was inoculated into 50 mL of SD/-Trp and incubated
overnight (16-24 h) and shaken at 250-270 r/min.
at 30
Then the cells were spanned down by centrifuging the entire
50 mL culture at 1 000 r/min for 5 min. After the supernatant
was decanted, the cell pellet was resuspended in the residual
liquid by vortexing. A human liver cDNA library cloned into
pACT2 and yeast reporter strain Y187 (Clontech Co., USA)
were co-cultured. The entire AH109 [bait] culture and the 1 mL
human liver cDNA library (1×106 cfu/mL) were combined and
cultured in a 2-L sterile flask and 45 mL of 2X YPDA/Kan
was added and swirled gently. After 20 h of mating, the cells
were spanned down and resuspended, and then spread on 50
large (150 mm) plates containing 100 mL of SD/-Ade/-His/-
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Leu/-Trp (QDO). After 6-15 d of growth, the yeast colonies
were transferred onto the plates containing X-α-gal to check
for expression of the MEL1 reporter gene (blue colonies).
Plasmid isolation from yeast and transformation of E. coli with
yeast plasmid
Approximately 1×106 colonies were screened and positive
clones were identified. Yeast plasmid was isolated from
positive yeast colonies with lyticase method (Clontech Co.,
USA), and transformed into super-competence E.coli DH5α
using chemical method. Transformants were plated on
ampicillin SOB selection media and grown under selection.
Subsequently, pACT2-cDNA constructs were re-isolated,
analyzed by restriction digestion and sequencing.
Bioinformatic analysis
After the positive colonies were sequenced, the sequences
were blasted with GenBank to analyze the function of the
genes (http://www.ncbi.nlm.nih.gov.blast).
Cell culture and new gene cloning
Hepatoblastoma cell line HepG2 was propagated in DMEM
supplemented with 10% FBS, 200 µmol/L L-glutamine,
penicillin, and streptomycin. HepG2 cells were plated at a
density of 1×106/well in 35-mm dishes. Total cellular RNA
was isolated using TRIzol (Invitrogen Co., USA) according
to the manufacturer’s instructions. cDNAs were reversetranscribed from total RNA.
On the basis of liver cDNA library of genes of proteins
interacting with HBV-complete S protein, the coding sequence
of a new gene without known function, HBV CSBP1, was
obtained by bioinformatics methods. The standard PCR
cloning technique was used to amplify HBV CSBP1 gene.
Total cell RNA was isolated from HepG2 cells. RNA was
used for RT-PCR amplification. The PCR conditions were:
94
for 60 s, 58
for 60 s, and 72
for 60 s, for 35
cycles. The PCR product was cloned with pGEM-T vector
(Promega Co., USA). The primary structure of insert was
confirmed by direct sequencing. The gene fragment was
cloned into yeast plasmids pGBKT7 and pGADT7.
Confirmation of the true interaction in yeast
To confirm the true protein-protein interaction and exclude
false positives, the plasmids of positive colonies were transformed into yeast strain Y187, and then mating experiments
were carried out by mating with yeast strain AH109 containing
pGBKT7-complete S or pGBKT7-Lam. After mating, the
diploids yeast was plated on SD/-Ade-His-Leu-Trp (QDO)
covered with X-α-gal to test the specificity of interactions.
In vitro translation
Twenty-five microliter mixture of TNTreticulocytes, 2 µL
TNT reaction buffer, 1 µL T7 TNT RNA polymerase,
1 µL amino acids mixture (minus methionine, 1 mol/L),
1 µL [ 35S]-methionine 2 µL, RNasin RNase inhibitor
(40 u/mL), 2 µL DNA template (pGBKT7-complete S or
pGADT7-library gene) (0.5 µg/mL), 16 µL ddH2O, were
incubated at 30
for 90 min.
Coimmunoprecipitation
The following reactants were combined in a 1.5 mL microce-
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ntrifugation tube on ice: 5 µL in vitro-translated bait protein,
5 µL in vitro-translated library protein. The only control
added was 10 µL pGBKT7-complete S plasmid. The
mixtures were incubated at 30 for 1 h. Then, the following
reagents were added into the reaction tubes: 470 µL
coimmunoprecipitation buffer (20 mol/L Tris-HCl (pH
7.5), 150 mol/L NaCl, 1 mol/L DTT, 5 µg/mL aprotinin,
0.5 mol/L PMSF, 0.1 % Tween 20, 10 µL protein-G agarose
beads, 10 µL anti-c-myc monoclonal antibody. Incubation
was done at 4 for 2 h with continuous shaking. The tubes
were centrifuged at 14 000 g for 1-2 min. The supernatants
were removed. Half a milliliter of TBST was added into
the tubes. Rinse steps were repeated thrice. Fifteen microliters
of SDS-loading buffer was added. The samples were heated
at 80
for 5 min. The tubes were placed on ice and then
briefly centrifuged, and 10 µL was loaded onto a SDSPAGE mini-gel to begin the electrophoretic separation. After
electrophoresis, the gel was transferred onto a tray containing
gel fixation solution, and placed on a rotary shaker for 10 min
at room temperature. The gel was rinsed with H2O, then
amplification fluorographic reagent was added and shaken
under
for 20 min at room temperature, then dried at 80
constant vacuum. The gel was exposed to an X-ray film
overnight at room temperature. The film was developed by
standard techniques.

RESUL
TS
RESULTS
Identification of recombinant plasmid
The full length sequences of HBV complete S were generated
by PCR amplification of the plasmid G376 A7 (GenBank
number: AF384371)[1,10-13], and a 942-bp fragment of HBV
CSBP1 was amplified by RT-PCR after total RNA was
prepared from HepG2 cells, sequenced and analyzed by
comparing Vector NTI 6 and BLAST database homology
search (http://www.ncbi.nlm.nih.gov/blast). After being cut
by EcoRI/BamHI, the fragments were in-frame ligated,
respectively into pGBKT7 and pGADT7 at the EcoRI/BamHI
sites. Restriction enzyme analysis of pGBKT7-complete S,
pGBKT7-CSBP1 and pGADT7-CSBP1 plasmids with
EcoRI/BamHI yielded respectively two bands: 7 300 bp
empty pGBKT7 and 1 338 bp HBV complete S, 7 300 bp
empty pGBKT7 and 942 bp of HBV CSBP1, 7 900 bp
empty pGADT7 and 942 bp HBV CSBP1. The products
of plasmid were amplified by PCR. Analysis of the PCR
amplified products by agarose gel electrophoresis showed
the clear bands with the expected size (1 338 bp of complete
S, 942 bp of CSBP1). Sequences of the PCR products
were correct (Figures 2A-D).
Expression of “bait” fusion protein
Yeast strain AH109 transformed with pGBKT7-complete
S and pGBKT7-CSBP1 could stably express the fusion protein
at high level (Figure 3) and could only grow on SD/-Trp
medium but not on QDO medium. Thus, the transformed
yeast could be used for yeast hybrid analysis.
Screening of liver cell cDNA library
We isolated plasmids from the blue colonies containing only
pGBKT7-complete S and one library plasmid other than
other plasmids. Because plasmid pACT2-cDNA contains
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7 500 bp
1 000 bp

1 000 bp
1 000

Figure 2 One thousand three hundred and thirty eight basepair fragmentcomplete S amplified by RT-PCR (A), pGBKT7-complete S cut by EcoRI/

A

BamHI (B), a 945 bp fragment-CSBP1 amplified by RT-PCR (C), pGBKT7CSBP1 and pGADT7-CSBP1 cut by EcoRI/BamHI (D).

B

CSBP1
Complete S
line 1

line 2

line 2

line 3

Figure 3 Expression of HBV complete S and HBV CSBP1 protein in yeast
confirmed by Western blotting. Lane 1: HBV complete S protein; lane 2: positive
control; lane 3: HBV CSBP1 protein.

Figure 5 Interaction between HBV complete S protein and CSBP1 protein
identified by coimmunoprecipitation. Lane 1: HBV complete S protein; lane 2:
interaction with two proteins.

Table 1 Comparison between positive clones and similar sequences
in GenBank
bp
2 000
750

Figure 4 Identification of different colonies with BglII digestion.

two restriction endonuclease sites of BglII on both sides of
multiple cloning sites, the gene fragments of the liver cell
cDNA library (pACT2-cDNA) screened were released by
BglII digestion (Figure 4). The gene fragments of different
lengths in Figure 5 proved that these screened clones were
positive colonies growing on SD/-Trp/-Leu/-His/-Ade
culture medium after mating.
Analysis of cDNA sequencing and homology
We obtained a total of 19 positive colonies growing on the
selective SD/-trp-leu-his-ade/X-α-gal medium. These
colonies were prescreened by BglII digestion to make sure
that only colonies with different inserts were subjected to
sequencing. Nineteen colonies from cDNA library were
sequenced. Using the BLAST program at the National Center
for Biotechnology Information, 17 sequences had a high
similarity to known genes. The data are presented in Table 1.

High similarity to known genes
Homo sapiens calreticulin
Homo sapiens solute carrier family 25,
member 23 (SLC25A23)
Human serum albumin (ALB) gene
Homo sapiens metallothionein 2A
Homo sapiens betaine-homocysteine
methyltransferase, mRNA
Homo sapiens diazepam binding inhibitor
Homo sapiens Na+ and H+ coupled amino
acid transport system N
Homo sapiens CD81 antigen (CD81)

Number of
similar (%)

Homology (%)

1

99

5
1
1

99
100
98

2
3

98
96

3
1

100
100

In vitro coimmunoprecipitation
HBV complete S protein containing 447 aa, was smaller
than CSBP1 containing 280 aa (Figure 5).

DISCUSSION
The open reading frame of HBV complete S gene consists
of four coding regions: pre-pre-S, pre-S1, pre-S2 and S, each
starting with an ATG codon in frame. Through in frame
translational initiation at each of the four ATG codons,
complete S (pre-pre-S+pre-S1+pre-S2+S), large (LHBs; preS1+pre-S2+S), middle (MHBs; pre-S2+S) and small (SHBs; S)
envelope glycoproteins can be synthesized[12,13,15-17]. Interactions
between viral and hepatocellular proteins play an important
role in the pathogenesis of the virus and may mediate virus
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to enter into hepatocytes. Their network interactions can
change normal biological functions of proteins, influence
self-replication of virus, and result in diseases. Yeast-two
hybrid system 3 is an effective gene analysis method to analyze
the interactions between protein and protein, protein and
DNA, protein and RNA in eukaryotic cells and a new
genetics technique for studying interactions of proteins in
physiologic conditions in vivo.
Yeast-two hybrid system 3 is based on the system originally
designed by Fields and Song by taking advantage of the
properties of the GAL4 protein of the yeast Saccharomyces
cerevisiae. GAL4-yeast-two hybrid assay uses two expression
vectors, one uses GAL4-DNA-binding domain (DBD) and
the other uses GAL4-actibationg domain (AD). The GAL4DBD fused to protein ‘X’ and a GAL4-AD fused to protein
‘Y’ to form the bait and the target of the interaction trap,
respectively. A selection of host cells with different reporter
genes and different growth selection markers provides a
means to detect and confirm protein-protein interactions
and has significantly fewer false positives[18-21].
In this study, the “bait” plasmid pGBKT7-complete S
was transformed into yeast strain AH109. HBV complete
S gene was expressed in yeast cells. After the “bait” plasmid
pGBKT7-complete S yeast strain AH109s mated with liver
cDNA library yeast strain Y187, the diploid yeast cells were
plated on QDO media containing X-α-gal, 19 true positives
were obtained. By sequencing analysis of isolated library
plasmids, we got the sequences of the 17 genes with known
functions and two genes with unknown functions, one of
them was named as complete S-binding protein 1 (CSBP1). In
order to further confirm the interaction between the expressed
protein and HBV complete S protein, we performed the
experiment of coimmunoprecipitation of both proteins. A
strong interaction between HBV complete S protein and
CSBP1 protein in vitro was observed.
We screened Homo sapiens metallothionein 2A (MT)
interacting with complete S protein from liver cDNA library.
Metallothionein is a low-molecular weight protein with
pleiotropic functions and a family member of metal binding
proteins. MT is localized in nuclei and/or cytoplasm of tumor
cells[22]. It may be involved in the regulation of carcinogenesis
and apoptosis in addition to various physiological processes.
Metallothionein is a small stress response protein that can
be induced by exposure to heavy metal cations, oxidative
stressors, and acute phase cytokines that mediate inflammation[23]. In humans, there are four groups of MT proteins. MT2A is highly expressed in epithelial cells of breast cancer, and
differentially up-regulated in invasive breast cancer cells[24].
Jin et al.[25], reported that 26-100% of invasive ductal breast
cancers express the MT protein, and are associated with
cell proliferation and higher histological grade in invasive
ductal breast cancer tissues. Rao et al.[26], thought that the
mechanism may be completed through interaction between
protein kinase C (PKC) signal transduction and MT 2A.
Therefore this protein plays an important role in maintaining
transition metal ion homoeostasis, redox balance in cells
and fundamental cellular processes such as proliferation,
apoptosis, and regulation of carcinogenesis[27,28]. MT 2A is
also involved in human prostate homeostasis and carcinogenesis[29]. MT-2A is expressed in retinal pigment epithelial
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(RPE) cells, photoreceptor cells, inner nuclear layer cells
and ganglion cells, and can protect cells against oxidative
stress and apoptosis[30].
Another important protein interacting with complete S
protein from liver cDNA library is Homo sapiens calreticulin.
Yoon et al.[31], have analyzed nuclear matrix proteins in 11
hepatocellular carcinomas and compared them with
corresponding non-neoplastic liver tissue by two-dimensional
gel electrophoresis. Calreticulin is also found in the nuclear
matrices of various carcinoma cell lines. The formation
and/or expansion of calreticulin-nuclear matrix may be
related to the activated cell growth. Le Naour et al.[32], showed
that autoantibodies of calreticulin are detectable in patients
with HCC (27%), suggesting that a distinct repertoire of
autoantibodies is associated with HCC. Therefore it may
play a role in early diagnosis of HCC.
HBV complete S protein also interacts with Homo sapiens
CD81 antigen (CD81). The protein encoded by this gene is
a member of the transmembrane four superfamily, also
known as the tetraspanin family[33]. Most of these members
are cell-surface proteins characterized by the presence of
four hydrophobic domains. CD81, a signal transducing molecule,
significantly increases in peripheral blood and more dramatic
in the liver of HCV-infected individuals[34]. Recently, CD81
has been identified as a hepatitis C virus (HCV) receptor
of B lymphocytes, the large extracellular loop of CD81 is a
determinant combination position for viral entry[35-39]. These
data suggest a functional role for CD81 as a coreceptor for
HCV glycoprotein-dependent viral cell entry, providing a
mechanism by which B cells are infected with and activated
by the virus. It has recently been shown that peripheral Bcell CD81 overexpression is associated with HCV viral load
and development of HCV-related autoimmunity. The human
CD81 (hCD81) molecule has been identified as a putative
receptor in B lymphocytes for hepatitis C virus with murine
fibroblast cell line NIH/3T3 model. CD81 chimeras could
internalize recombinant E2 protein and E2-enveloped viral
particles from serum of HCV-infected patients into Huh7
liver cells. The latter result in persistent positive-strand viral
RNA and accumulation of replication, therefore CD81
represents one of the pathways by which HCV can infect
hepatocytes. Although CD81 can bind to HCV E2 protein,
its role as a receptor for HBV remains controversial. These
questions need further study. Whether CD81 could be used
as the receptor or co-receptor for hepatocytes, should be
studied intensively. CD81 proteins mediate signal
transduction events that play a role in the regulation of cell
development, activation, growth and motility. This protein
appears to promote muscle cell fusion and support myotube
maintenance. Also it may be involved in signal transduction.
This gene is localized in the tumor-suppressor gene region,
thus it is a candidate gene for malignancies.
These interacting proteins screened by yeast-two hybrid
are closely correlated with carbohydrate metabolism,
immunoregulation, occurrence and development of tumor,
and may provide a new study clue for revealing biological
functions of HBV complete S protein, pathogenesis of HBV
and causes of malignancy conversion. How the interactions
between HBV complete S protein and the above-mentioned
interacting proteins affect the occurrence and development
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of chronic hepatitis B, hepatic fibrosis and hepatocarcinoma,
needs to be further studied.
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Abstract
AIM: To assess the prevalence of the two mutations, C282Y
and H63D of HFE gene, in healthy subjects, patients with
chronic hepatitis C (CHC), and patients with nonalcoholic
fatty liver disease (NAFLD) in Taiwan and to explore the
contribution of the HFE mutation on serum iron stores in
CHC and NAFLD groups.
METHODS: We examined C282Y and H63D mutations of
HFE gene in 125 healthy subjects, 29 patients with CHC,
and 33 patients with NAFLD. The serum iron markers,
including ferritin, iron, and total iron binding capacity (TIBC),
were assessed in all patients.
RESULTS: All of the healthy subjects and patients were
free from C282Y mutation. The prevalence of H63D heterozygosity was 4/125 (3.20%) in healthy subjects, 2/29
(6.90%) in CHC group, and 1/33 (3.03%) in NAFLD group.
The healthy subjects showed no significant difference in
the prevalence of H63D mutation as compared with the
CHC or NAFLD group. Increased serum iron store was found
in 34.48% of CHC patients and 36.36% of NAFLD patients.
In three patients of H63D heterozygosity, only one CHC
patient had increased serum iron store. There was no
significant difference in the prevalence of HFE mutations
between patients with increased serum iron store and
those without in CHC or NAFLD group.
CONCLUSION: The HFE mutations may not contribute to
iron accumulation in the CHC or NAFLD group even when
serum iron overload is observed in more than one-third
of these patients in Taiwan.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hereditary hemochromatosis is one of the most common
inherited diseases among Caucasians. It occurs with a
frequency of 1:200 to 1:400 and a carrier rate approaching
1:10 [1,2]. Hereditary hemochromatosis is an autosomal
recessive condition in which excessive iron is absorbed by
the intestine. Iron accumulation in many organs causes the
clinical manifestations including heart failure, diabetes, and
liver cirrhosis. Early diagnosis has been difficult because
the tests based on measurement of serum transferrin saturation
and serum ferritin concentration not only gave many false
positive results but do not always identify patients in the
early stage of iron accumulation[3]. The excessive iron can
be removed by venesection[4]. Although venesection is a
simple, effective and safe therapy, much of the organ damage
is irreversible when hereditary hemochromatosis is diagnosed.
Because the major clinical presentations are often non-specific,
appropriate screening tests are important.
The gene responsible for hereditary hemochromatosis
was identified and designated as HFE in 1996[5]. The two
recognized recessively-inherited missense mutations of the
HFE gene result in amino acid substitutions at position 282
(cysteine to tyrosine, C282Y) and at position 63 (histidine to
aspartic acid, H63D). A total of 64-100% patients of Western
population with hereditary hemochromatosis were C282Y
homozygotes[6-10]. In individuals of the northern European
descent, the frequency of C282Y homozygote was about
0.5%[1]. The allele frequencies for C282Y mutation and
H63D mutation were 5-10% and 6-30%, respectively[1,2,11].
In Taiwan, a very low frequency of C282Y mutation in the
general population (0.33% of carrier rate) was reported[12].
The C282 heterozygote may have higher serum and hepatic
iron levels than controls, but levels are only mildly elevated[13].
The clinical significance of the H63D mutation still remains
undetermined. It seems to be associated with hereditary
hemochromatosis only when inherited together with the
C282Y mutation (compound C282Y/H63D heterozygote).
Mild to moderate hepatic iron overload is common in
patients with chronic hepatitis C (CHC)[14-16] and in patients
with nonalcoholic fatty liver disease (NAFLD)[17,18]. Ironinduced oxidative stress may play an important role in the
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exacerbation of liver cell injury[19,20]. The HFE mutation
may also be associated with elevated markers of iron store
in the two disorders. This study was performed to assess
the prevalence of the two mutations, C282Y and H63D
of HFE gene, in healthy subjects, patients with CHC, and
patients with NAFLD in Taiwan. We also checked the serum
iron markers and explored the contribution of the HFE
mutation on serum iron stores in patients with CHC and
patients with NAFLD.

MA
TERIALS AND METHODS
MATERIALS
Healthy subjects and patients
C282Y and H63D mutations of HFE gene were analyzed
in 125 healthy subjects, 29 patients with CHC, and 33 patients
with NAFLD. Local healthy subjects with normal liver
function test, no history of liver disease, other severe chronic
disease, heavy drinking (ethanol consumption >20 g/d),
anemia or iron overload were collected from the health
checkup at our hospital in 2003. The patients with CHC or
NAFLD were collected at our out-patient department from
2002 to 2003. CHC was diagnosed by biochemical liver
damage for more than 6 mo and positivity of serum antibody
to hepatitis C virus (HCV). Patients with secondary causes
of iron overload were excluded, including heavy drinking,
ribavirin therapy, and multiple transfusions. Co-infection
with HBV was also excluded. The diagnosis of NAFLD
was made on the basis of the presence of elevated serum
AST or ALT and fatty change of liver by sonography. No
subject consumed alcohol more than 20 g/d. They were
negative for hepatitis B surface antigen and HCV antibody.
Their serum levels of ceruloplasmin were within normal
range. Serological tests for autoimmune hepatitis (anti-nuclear
antibody, anti-smooth muscle antibody) and for primary
biliary cirrhosis (anti-mitochondrial antibody) were negative.
Serological evaluation
The serum aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) were determined using an Olympus
5000 analyzer. The upper limit of normal for ALT is 34 U/L.
HCV antibody was tested by a commercially available ELISA
(AxSYM, Abbott Diagnostic Corporation, USA). Total iron
status of each patient was evaluated using biochemical tests.
Serum iron (normal range, 60-160 µg/dL) was measured
by the colorimetry and ferritin (normal range: 18-274 ng/mL
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in men and 6-283 ng/mL in women) was measured by a
commercially available ELISA (AxSYM, Abbott Diagnostic
Corporation). Transferrin saturation was calculated as (the
serum iron divided by the total iron binding capacity (TIBC))
×100%. The increased serum iron store was defined by
transferrin saturation >50% and/or ferritin >upper normal
limit.
Mutational analysis of HFE gene
We used the method of polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) to analyze the
HFE mutations. Genomic DNA was isolated from whole
peripheral blood using the High Pure Viral Nuclear Kit
(Roche Diagnosis Corporation, USA). The DNA fragments
of HFE gene were amplified by PCR using the following
primers [5]: 5’-TGGCAAGGGTAAACAGATCC and 5’CTCAGGCACTCCTCTCAACC for C282Y; and 5’ACATGGTTAAGGCCTGTTGC and 5’-GCCACATCTGGCTTGAAATT for H63D. Restriction fragment length
analysis was then performed by digesting the PCR products
with RsaI for C282Y and BclI for H63D[21].
Statistical analysis
Data are summarized as mean±SD. Categorical variables
were compared with the χ2 test or Fisher’s exact test as
required. Comparison between groups was performed using
the unpaired t-test as appropriate.

RESUL
TS
RESULTS
The demographic and laboratory data of subjects are
summarized in Table 1. CHC patients were older than
healthy subjects (60.83±8.55 years vs 44.62±11.19 years,
P<0.01) and NAFLD patients were not (49.48±14.58 years
vs 44.62±11.19 years, P = 0.082). There was no significant
difference in the male to female ratio between healthy
subjects (44/81) and CHC (12/17) or NAFLD (16/17)
group.
All of the healthy subjects and patients were free from
C282Y mutation. Four healthy subjects (one man and three
women) were heterozygotes of H63D, two CHC patients
(one man and one woman) and one NAFLD patient (woman)
were heterozygotes of H63D. The prevalence of H63D
mutation was 4/125 (3.20%) in healthy subjects, 2/29
(6.90%) in CHC group, and 1/33 (3.03%) in NAFLD

Table 1 Demographic and laboratory data of healthy subjects, CHC and NAFLD (mean±SD)
Reference range

P

NAFLD

P

60.83±8.55

<0.01

49.48±14.58

0.082

0.533

16:17
74.68±42.09

0.162

10-34

12:17
97.17± 52.62

ALT (IU/L)
Iron (µg/dL)

7-33
60-160

114.28±61.87
146.39±48.19

108.52±65.07
108.73±31.06

TIBC (µg/dL)
Transferrin saturation (%)

250-410
20-50

377.93±41.10
39.01±13.20

361.57±42.73
30.53±9.80

Male: 18-294
Female: 6-283

225.95±178.24

331.20±283.82

10/29 (34.48)

12/33 (36.36)

Age (yr)
Sex (male:female)
AST (IU/L)

Ferritin (ng/mL)
Increased serum iron store (%)

Healthy subjects
44.62±11.19
44:81

Chronic hepatitis C

CHC, chronic hepatitis C; NAFLD, nonalcoholic fatty liver disease. P value: comparing data obtained from healthy subjects with chronic hepatitis C or NAFLD. The
increased serum iron store was defined by transferrin saturation >50% and/or ferritin >upper normal limit.
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group. The healthy subjects showed no significant difference
in the prevalence of H63D mutation as compared with the
CHC or NAFLD group (Table 2).

Table 2 Statistical analysis of H63D mutation between healthy
subjects and CHC, and healthy subjects and NAFLD
Male

Female

Total

Healthy subjects:CHC

1/44:1/12

3/81:1/17

4/125:2/29

P
Healthy subjects:NAFLD

0.386
1/44:0/16

0.539
3/81:1/17

0.315
4/125:1/33

0.999

0.539

0.999

P

CHC, chronic hepatitis C; NAFLD, nonalcoholic fatty liver disease.

Ten CHC patients (4 men and 6 women) and 12 NAFLD
patients (8 men and 4 women) had increased serum iron
stores. The percentage was 34.48% and 36.36% in CHC
and NAFLD patients, respectively. There was no genderrelated difference in the frequency of increased serum iron
stores in either the CHC or NAFLD group (Table 3). In
the three patients of H63D heterozygosity, only one CHC
patient had increased serum iron store. There was no significant
difference in the prevalence of HFE mutations between
patients with increased serum iron store and those without
in the CHC or NAFLD group (Table 4).

Table 3 Statistical analysis of increased serum iron stores between male and female patients with CHC or NAFLD

Male:female
P

CHC

NAFLD

4/12:6/17

8/16:4/17

0.913

0.114

CHC, chronic hepatitis C; NAFLD, nonalcoholic fatty liver disease.

Table 4 Statistical analysis of HFE mutation between patients with
increased serum iron store and those without in CHC or NAFLD
group
Increased serum iron store
With:without
P

CHC

NAFLD

1/10:1/19

0/12:1/21

0.999

0.999

CHC, chronic hepatitis C; NAFLD, nonalcoholic fatty liver disease.

DISCUSSION
A population study of global prevalence in HFE mutation
showed that there were nine H63D heterozygotes in one
Asian population of 242 cases and no other HFE genotypes
were found[1]. The H63D allele frequency was 1.9% (9/484).
Similar results were reported in a Japanese population[22].
All of the 151 healthy volunteers were free from C282Y
mutation and only 8 subjects were H63D heterozygotes.
The prevalence of chromosomes with H63D was 2.6%
(8/302). We firstly found no C282Y mutation and an incidence
of 1.6% (4/250) for H63D allele in 125 healthy subjects in
Taiwan. The results were similar to that in other Asian area.
No mutations of C282Y were found probably because of
the limited number of subjects studied. The very low frequency

of HFE mutation in the Asians, especially C282Y, reflects
the ethnic differences in the prevalence of hereditary hemochromatosis from Caucasians.
Similar prevalence of HFE mutations was found
between controls and patients with CHC[22-25]. Our findings
were in lines with these studies. However, the equal distribution
of HFE mutations does not allow the conclusion that HFE
mutations play no or only a minor role in patients with CHC.
It should depend on the contribution of HFE mutations on
the iron stores. Either the prevalence of C282Y mutation[18,26]
or combined C282Y and H63D mutations[27] was increased
in nonalcoholic steatohepatitis (NASH) population. Because
there was no pathological diagnosis of steatohepatitis in our
patients, the patient group in our study is called NAFLD,
instead of NASH. Our study showed no significant difference
in the frequency of HFE mutations between healthy subjects
and NAFLD patients. In another study of NAFLD, the
prevalence of the two HFE mutations also was not significantly
increased in NAFLD patients and matched those of the
general population. These findings gave us a hint that HFE
mutation may play a role in the progression of NAFLD.
Elevations in serum iron, ferritin, and transferrin saturation
are common in patients with CHC or NASH, as are mild
increases in hepatic iron concentration. In CHC, 40-46%
of patients had elevated serum iron, ferritin, or transferrin
saturation level[14,15], and 10-36% of patients had increased
hepatic iron concentration[15,16]. In NASH, 58% of patients
had elevated serum iron indices and in some cases increased
hepatic iron stores[18]. In our study, we found that 34.48%
and 36.36% of patients had increased serum iron stores in
CHC and NAFLD group, respectively. Normal or only
mildly increased amounts of iron in the liver can be damaging
because iron increases oxidative stress[19,20]. It appears that
iron overload may play a role in pathogenesis of some
chronic liver diseases, especially when iron is combined with
other hepatotoxic factors such as virus, free fatty acid, and
alcohol[17]. In addition to the effect of production of oxidative
stress, the iron may enhance the rates of viral replication
and mutation as well as cause impairment of the host
immunity [20]. However, the iron can be released from
damaged hepatocytes in inflammatory conditions, and it has
not been clear whether the iron accumulation is the cause
or result of liver injury.
Our data demonstrated no significant difference in the
prevalence of HFE mutations between the subgroup of
HCV or NAFLD patients with increased serum iron store
and the subgroup without. The findings suggested that HFE
mutations played no or only a minor role in contribution to
serum iron overload in patients with CHC or NAFLD in
Taiwan. In addition to the reason of low prevalence of HFE
mutations in Taiwan, the fact that only H63D heterozygote
was found in our study may explain the results. The H63D
heterozygosity usually does not lead to iron overload. Only
in conjunction with the heterozygous C282Y mutation
(compound C282Y/H63D heterozygote) has the H63D
mutation been associated with an increased risk of iron
overload[5].
There were many reports suggesting that the C282Y
mutation plays a role in the hepatic iron accumulation and
favors the progression of CHC[23-25]. However, the relationship
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between HFE mutations, iron stores, and NASH still
remains as a controversial area. Previous studies have found
conflicting results. George et al.[18], found that the C282Y
mutation was responsible for most of the mild iron overload
in NASH and had a significant association with hepatic
damage in these patients. Bonkovsky et al.[27], also found
that C282Y heterozygotes were more likely to have advanced
fibrosis. These authors did not adjust for potential
confounders such as age, body mass index, and diabetes.
After adjustment for these confounders, Chitturi et al.[26],
reported in NASH and Bugianesi et al., reported in NAFLD
patients that iron burden and HFE mutations did not
contribute significantly to hepatic fibrosis. Therefore, we
believe that continued exploration of the link between
hepatic iron, HFE mutation, and NAFLD patients is
warranted.
In conclusion, HFE mutations are infrequent in Taiwan.
The prevalence of HFE mutations associated with hereditary
hemochromatosis is not increased in the patients with CHC
or NAFLD. The HFE mutations may not contribute to
iron accumulation in the CHC or NAFLD group even when
serum iron overload is observed in more than one-third of
these patients in Taiwan.
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Abstract
AIM: To assess the sensitivity and specificity of polymerase
chain reaction (PCR) in detecting Helicobacter pylori (H pylori)
infection in patients with bleeding peptic ulcers, and to
compare its diagnostic efficacy with other invasive and
non-invasive tests.
METHODS: From April to September 2002, H pylori
status in 60 patients who consecutively presented with
gastroduodenal ulcer bleeding was examined by rapid
urease tests (RUT), histology, culture, PCR, serology and
urea breath tests (UBT).
RESULTS: The sensitivity of PCR was significantly higher
than that of RUT, histology and culture (91% vs 66%,
43% and 37%, respectively; P = 0.01, <0.001, <0.001,
respectively), but similar to that of serology (94%) and
UBT (94%). Additionally, PCR exhibited a greater specificity
than serology (100% vs 65%, P<0.01). However, the
specificity of PCR did not differ from that of other tests.
Further analysis revealed significant differences in the
sensitivities of RUT, culture, histology and PCR between
the patients with and those without blood in the stomach
(P<0.01, P = 0.09, P<0.05, and P<0.05, respectively).

CONCLUSION: PCR is the most accurate method among
the biopsy-based tests to detect H pylori infection in
patients with bleeding peptic ulcers. Blood may reduce
the sensitivities of all biopsy-based tests.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Bleeding is a common and serious complication of peptic ulcer
diseases. It is estimated that peptic ulcer bleeding accounts
for approximately 150 000 hospitalizations per year in the
USA[1,2]. The prevalence of Helicobacter pylori (H pylori) in
bleeding peptic ulcers has not been definitely determined,
but it is estimated to be 70%[3-5]. The accurate diagnosis of
H pylori infection is crucial in the short-term and long-term
management of patients with bleeding peptic ulcers[6]. If a
patient with a bleeding ulcer requires surgical intervention,
knowledge of his or her H pylori status may guide the
selection of procedures for the patient (i.e., a simple closure
vs full-blown ulcer surgery) [6]. Patients whose bleeding
episodes cease in the short term, one-third of those who
do not receive maintenance therapy, surgery or anti-H pylori
therapy will experience recurrent bleeding within the next
1-2 years[7]. However, numerous studies have demonstrated
that eradicating H pylori can drastically reduce the incidence
of rebleeding in patients with bleeding peptic ulcers,
preventing the need for long-term antisecretory therapy or
surgical intervention[8-10]. Therefore, the H pylori status in a
patient with bleeding peptic ulcers must be documented.
Currently, H pylori infection can be diagnosed by invasive
assays, i.e., those requiring esophagogastroduodenoscopy
(EGD), or by non-invasive assays in which EGD is not
necessary. Invasive diagnostic tests include culture, histology,
rapid urease test (RUT) and polymerase chain reaction
(PCR). Non-invasive tests comprise serology, stool antigen
test and urea breath test (UBT). The choice of a diagnostic
test should depend on the clinical circumstances, sensitivity
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and specificity of the tests, and the cost effectiveness of
the testing strategy. Because of its simplicity, accuracy and
rapid determination of H pylori status, RUT is generally
considered to be the initial endoscopic test of choice for
uncomplicated peptic ulcers[11]. However, many studies have
demonstrated that RUT lacks sensitivity in H pylori diagnosis
when peptic ulcer diseases are presented with bleeding[5,12].
Moreover, a recent study by Colin et al.[13], indicated that all
direct tests on H pylori including RUT, culture and histology
reduced the sensitivity in the setting of ulcer bleeding. The
sensitivities of aforementioned three tests were 31%, 25%
and 26%, respectively.
PCR can diagnose H pylori infection under non-bleeding
conditions much more accurately than histology or
culture[14,15]. The level of sensitivity of this test is extremely
high and has a threshold of 10 to 100 H pylori strains per
specimen[14-16]. An accurate diagnosis of H pylori at the time
of bleeding episode is essential, but few studies have
addressed the application of PCR to bleeding ulcers. We
performed this prospective study to evaluate the sensitivity,
specificity and accuracy of PCR assay for detecting H pylori
infection in patients with bleeding peptic ulcers and to
compare its diagnostic efficacy with that of other invasive
and non-invasive tests.

MA
TERIALS AND METHODS
MATERIALS
Patients
From April to September 2002, 60 consecutive patients
with hematemesis, melena, or both due to gastroduodenal
ulcer bleeding, who underwent an EGD, were enrolled in
this study. Exclusion criteria included: age <15 or >80 years;
history of coagulopathy or other disorders contraindicated
for EGD or biopsy sampling; previous history of antiH pylori therapy. Data regarding age, sex, medical history,
drug history, presenting symptoms, gastroduodenal lesions
and presence or absence of blood in the stomach were
recorded. Written informed consent was obtained from each
subject. This study was approved by the Human Medical
Research Committee of the Kaohsiung Veterans General
Hospital, Kaohsiung, Taiwan.
Endoscopy and biopsy sampling
During endoscopy, gastric biopsy specimens were taken
from the lesser curvature of the antrum and corpus for
RUT (one antrum biopsy specimen), histology (one antrum
and one corpus biopsy specimen), culture (one antrum
biopsy specimen) and PCR (one antrum biopsy specimen).
Endoscopes were cleaned by a mechanical wash and then
washed in an Olympus washing machine. They were then
air-dried and cleaned with 70% ethanol.
RUT
RUT was performed according to our previous study[17,18].
A biopsy specimen from antrum was immediately placed
in 1 mL of a 10% solution of urea in deionized water (pH
6.8) to which two drops of 1% phenol red solution was
added and incubated at 37 for up to 24 h. If the yellowish
color around the area of inserted specimen changed to bright
pink within the 24-h limit, the urease test was considered
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positive. In our laboratory, the sensitivity and specificity of
RUT were 96% and 91%, respectively[17].
Histological examination
Biopsy specimens were fixed in 10% buffered formalin,
embedded in paraffin, and sectioned. One 4-µm-thick
section was cut and stained with hematoxylin-eosin to
observe the presence of curved rod shaped bacteria on
the mucosal surface[19,20]. The specimens were interpreted
by a histopathologist (H-H Tseng) blinded to the patient
status and the results of other laboratory tests.
Culture
The specimen for culture was transferred with brain heart
infusion on ice for microbiological examination and
inoculated onto the CDC anaerobic blood agar (Becton
Dickinson Microbiology System, Cockeysville, MD)
according to our previous studies [21,22] . The agar was
for two days in a micro-aerophilic gas
incubated at 35
mixture containing 5% O2, 100 mL/L CO2, and 85% N2.
Culture-positive patients were those with bacterial colonies
grown in culture within 7 d. The organisms were identified
as H pylori by Gram staining, colony morphology and positive
oxidase, catalase and urease reaction.
PCR amplification
DNA extraction was performed using a commercially
available kit (QIAamp Tissue kit, QIAGEN Inc., Valencia,
CA) according to the manufacturer’s instructions[23]. The
primers used were derived from the internal 411-bp fragment
of the urease A gene as described by Clayton et al.[24]: HPU1
(5’GCCAATGGTAAATTAGTT3’) and HPU2 (5’CTCCTTAATTGTTTTTAC3’). Reactions were performed in a
25 µL volume in a thermal cycler 480 (Perkin Elmer Applied
Biosystems, Foster City, CA). A reaction mixture contained
2.5 µL of extracted DNA, 0.5 µmol/L of each primer,
2.5 mmol/L of MgCl2, 2.5 µL of 10× PCR buffer, 1 U of
AmpliTaq DNA polymerase (Perkin-Elmer Corp., Foster
City, CA) and 100 µmol/L of each of dATP, dCTP, dGTP
and dTTP. The amplification cycle consisted of an initial
for 1 min, primer annealing at 45
denaturation at 94
for 1 min, and extension for 5 min at 72 to ensure a full
extension of the products. Samples were amplified in 35
consecutive cycles. The final cycle included a 7-min extension
step to ensure a full extension of the PCR products. PCR
products were analyzed on a 2% agarose electrophoresis
gel stained with ethidium bromide.
UBT
UBT was performed according to our previous studies[21,25]
within 1 d of EGD. The patients were fasted for at least
6 h. Fresh milk (1 000 mL) was taken to delay gastric
emptying. The test consisted of a baseline breath sample
and a second breath sample collected 15 min after oral
administration of 100 mg of 13C-labeled urea (INER-Hp
C-tester, Taiwan) dissolved in 50 mL sterile water. Values
were expressed as an excess δ13CO 2‰ excretion. The
δ13CO2 was the ratio of 13C to 12C in the sample compared
to the Pee Dee Belemnite (PDB) standard. The equation
was given as: δ13CO2 = (Rsamp-Rstd)/Rstd×1 000. Rsamp and Rstd
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represented the ratio of 13C to 12C in samples and standard,
respectively. If the value of δ13CO2 was more than 4.8‰,
this was considered as a positive result.
Serology
Blood samples for serological evaluation were obtained
before EGD. A serological assay for IgG antibodies against
H pylori was perfor med by an indirect solid-phase
immunochromatographic assay using the ASSURETM H pylori
rapid test kit (Genelabs Diagnostics, Cavendish Singapore
Science Park, Singapore). The sensitivity and specificity of
the assay were 96% and 92%, respectively according to the
manufacturer’s instructions.
Gold standard definition
A patient was classified as being H pylori-positive on the
basis of either a positive culture or a negative culture, at
least three positive results of RUT, histology, UBT and
serological tests.
Statistical analysis
Statistical tests were performed using the SPSS system.
Sensitivity, specificity, accuracy, predictive values of positive
and negative results were calculated in accordance with
standard methods. χ2 test and 95%CI were used to compare
the sensitivity, specificity and accuracy of different diagnostic
methods. Two-sample t-tests were used to compare the
excess δ13CO2 values of UBT between the true-positive and
false-negative groups of various invasive tests. P<0.05 was
considered statistically significant.
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of RUT, histology and culture were low (66%, 43% and
37%, respectively) although these assays exhibited a high
specificity (95-100%). Their overall accuracies were 76%,
62% and 60%, respectively. Among the four biopsy-based
methods, only PCR exhibited the satisfactory sensitivity
(91%), specificity (100%), and accuracy (94%). Its sensitivity
and accuracy were significantly higher than those of RUT,
histology and culture (sensitivity: P<0.05, P<0.001 and
P<0.001, respectively; accuracy: P<0.05, P<0.001, P<0.001,
respectively).
Of the non-invasive assays, the serological test had a
high sensitivity (95%) but its specificity (65%) was lower
than that of PCR (P<0.05). The sensitivity (94%), specificity
(85%) and accuracy (91%) of UBT were similar to those
of PCR. Among all of the tests investigated herein, PCR
and UBT were the most accurate methods for diagnosing
H pylori infection in patients with bleeding peptic ulcers.
Relationship between intragastric blood and sensitivity of
various tests in diagnosis of H pylori infection
The patients were divided into two groups according to the
presence or absence of blood in the stomach, to investigate
the relationships between intragastric blood and sensitivities

Table 1 Baseline characteristics of patients with bleeding peptic
ulcers (n, %)
Number of patients
(n = 55)
Age (mean±SD)
Sex

RESUL
TS
RESULTS
Of the 60 patients initially enrolled in this study, five did
not complete all the tests and were excluded from the
statistical analysis. Table 1 presents the demographic data
of the remaining 55 patients (37 males, 18 females; mean
age: 62.2±14.5 years) who finished all of the invasive and
non-invasive assays. EGD of these subjects showed a gastric
ulcer in 19 patients (35%), a duodenal ulcer in 13 (24%)
and both gastric and duodenal ulcers in 23 (42%). According
to the gold standard definition, 35 (63.6%) were H pyloripositive and 20 (36.4%) were H pylori-negative.
Comparison of various tests for detecting H pylori infection in
bleeding peptic ulcers
Table 2 presents the sensitivity, specificity and accuracy of
various tests in diagnosing H pylori infection. The sensitivities

62.2 (14.5)

Male
Female

37 (67)
18 (33)

Smoking
Alcohol consumption

13 (24)
4 (7)

Coffee consumption
Ingestion of tea

5 (9)
18 (33)

Ingestion of NSAID1
Sites of ulcer

26 (47)

Stomach
Duodenum

19 (35)
13 (24)

Stomach and duodenum
Ulcer lesions

23 (42)

Bleeding visible vessel
Non-bleeding visible vessel

2 (4)
3 (6)

Adherent clot
Red or black spot

15 (27)
21 (38)

Clean base

14 (26)

1

NSAID: non-steroidal anti-inflammatory drugs.

Table 2 Sensitivity, specificity, and accuracy of various tests for diagnosis of H pylori infection in bleeding peptic ulcers (n = 55) [%(95%CI)]
Sensitivity
b

RUT
Histology

66 (49–82)
43 (26–60)d

Culture
PCR

37 (20–54)d
91 (82–100)

Serology
UBT

94 (86–100)
94 (86–100)

a

P<0.05 vs PCR; bP<0.01 vs PCR; dP<0.001 vs PCR.

Specificity
95 (84–100)
95 (84–100)
100
100
65 (42–88)b
85 (68–100)

Accuracy

PPV
b

NPV

76 (64–88)
62 (48–75)d

96 (87–100)
100

61 (43–79)a
48 (31–64)b

60 (46–73)d
95 (88–100)

100
100

48 (32–63)b
87 (72–100)

84 (73–93)
91 (83–98)

83 (70–95)a
92 (82–100)

87 (67–100)
90 (74–100)
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of biopsy-based tests for H pylori infection. The sensitivities
of RUT, histology, culture, PCR, serology and UBT were
29%, 21%, 21%, 79%, 93% and 100% in the patients with
intragastric blood, respectively, and 90%, 57%, 48%, 100%,
95% and 91% in the patients without intragastric blood,
respectively. There were statistically significant differences
in the sensitivities of RUT, histology and PCR between the
patients with and without blood in the stomach (Figure 1;
P<0.01, P<0.05 and P<0.05, respectively). Additionally,
there was a trend towards decreased sensitivity of culture
in the patients with blood in the stomach (P = 0.09).

Sensitivity (%)

100
80
60
40
20
0

RUT Histology Culture
PCR Serology
UBT
P<0.01 P = 0.03 P = 0.09 P = 0.01 P = 0.82 P = 0.22

Blood in the stomach (-)

Blood in the stomach (+)

Figure 1 Sensitivities of various tests for detecting H pylori infection between
the bleeding ulcer patients with and without blood in the stomach.

Excess δ13 CO2 excretion per mil

Comparison of bacterial loads between true-positive and falsenegative groups of biopsy-based tests
Since the quantitative data obtained by UBT could reflect
the intragastric bacterial load of H pylori, we further
compared the excess δ13CO2 values of UBT between the
true-positive and false-negative groups in biopsy-based tests.
The excess δ13CO2 values of RUT, histology, culture and
PCR were 26.7±18.1, 31.5±21.4, 33.7±21.8 and 26.3±19.4
in the group with true-positive results respectively, and
20.5±16.3, 19.5±16.3, 19.3±15.9 and 7.2±2.6 in the group
with false-negative results respectively. The excess δ13CO2
values in the false-negative group were significantly lower
than that in the true-positive group of culture test (Figure 2;
P = 0.03). In addition, there was also a trend toward
decreased δ13CO 2 values in the false-negative group of
histological examination and PCR assay (both P = 0.07).

30

True-positive

25
20

False-negative

15
10
5
0
RUT
P = 0.20

Histology
P = 0.07

Culture
P = 0.04

PCR
P = 0.07

Figure 2 Comparison of the excess δ13CO2 values of UBT between the truepositive and false-negative groups in the biopsy-based methods.
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DISCUSSION
The H pylori status in a patient presenting with a bleeding
ulcer must be documented to determine the method of
further management. However, many studies have disclosed
that biopsy-based tests including RUT, histology and culture
have low sensitivities in detecting H pylori in bleeding peptic
ulcers[5,12,13]. Additionally, two recent reports[26,27] also revealed
a lack of accuracy in H pylori stool antigen (HpSA) tests in
patients with ulcer bleeding. In this study, we also
demonstrated that the sensitivities of RUT, histology and
culture in bleeding peptic ulcer were only 66%, 43% and
37%, respectively. However, PCR could reach a diagnostic
sensitivity of 91%, much higher than that of RUT, histology
and culture. Additionally, the test had 100% specificity in
diagnosing H pylori infection under bleeding conditions. This,
therefore, is the most accurate biopsy-based method for
determining H pylori status in bleeding peptic ulcers.
UBT is one of the non-invasive methods for diagnosing
H pylori infection. Both its sensitivity and specificity are
greater than 90% in patients with bleeding peptic ulcers. Its
accuracy is comparable to that of PCR. Although the
serological test has a high sensitivity in patients with bleeding
peptic ulcers, it may not be a good choice for diagnosing
H pylori infection in patients with a complicated ulcer because
antibody tests lack a good specificity (only 65%). The
presence of anti-H pylori IgG antibody implies prior exposure
to the organisms, but does not imply the presence of a
current infection. If a patient presenting with ulcer bleeding
has a false-positive antibody test and is treated by eradication
therapy, the physician may mistakenly believe that the cause
of bleeding has been removed and will then not provide
further preventive therapy to the patient. In such a case,
the patient would have a high risk of recurrent bleeding[6].
Therefore, establishing the H pylori status with certainty at
the time of bleeding episode is quite important.
Following this work, we recommend that an endoscopist
may initially perform a RUT to detect H pylori infection in
a patient with bleeding peptic ulcer because of its simplicity,
low cost, moderate sensitivity and excellent specificity. If
the RUT is negative, either PCR or UBT can be used for
the definite diagnosis of H pylori status. The choice of the
final diagnostic modality may depend on the availability of
tests in the hospital. Nonetheless, the aim of PCR is to
detect specific DNA sequences rather than the whole viable
bacterium. No special requirements pertain to the treatment,
transport, or storage of the biopsy specimens for PCR[28,29].
Several laboratories have reported the successful detection
of H pylori by PCR from a biopsy specimen placed and
transported by mail in the RUT[16,30,31]. This capability is
particularly useful for a gastroenterologist who does not
have access to laboratory facilities and requires a confirmation
of the RUT[16].
In this study, the sensitivities of RUT, histology, culture
and PCR were found to be 29%, 21%, 21% and 79% in
patients with intragastric blood, and 90%, 57%, 48% and
100% in patients without intragastric blood. These data
imply that blood may reduce the diagnostic yield of all
endoscopic biopsy tests in patients with bleeding peptic ulcers.
Additionally, we also demonstrated that the bacterial load
in the false-negative group of culture was significantly lower
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than that in the true-positive group. Furthermore, there
was also a trend toward decreased bacterial load in the falsenegative group of histological examination and PCR assay.
The decreased bacterial density therefore, may be the major
cause for decreased sensitivities of all biopsy-based assays.
There are several possible reasons for the aforementioned
findings. The decreased bacterial load in bleeding ulcer
patients may be related to a direct suppression effect of
intraluminal blood on H pylori, the administration of
antisecretory drugs, or the removal of some H pylori from
the gastric epithelium or mucus by gastric lavage before
EGD[32]. Recently, Leung et al.[33], reported that a falsenegative result of RUT in bleeding ulcer might be caused
by the buffered effects of blood. An in vitro study[34] also
showed that sheep’s blood inhibited the growth of H pylori
in broth media. The exact reason concerning the association
between bleeding ulcer and intragastric bacterial density
merits further investigations.
In conclusion, PCR is the most accurate biopsy-based
method for determining H pylori status in patients with
bleeding peptic ulcers. RUT, histology and culture have a
poor sensitivity under bleeding conditions. A decline in the
intragastric bacterial density during bleeding ulcer may be a
major cause of the reduced sensitivity of biopsy-based
assays.
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with the increase of planting concentration of SW620 cells
and co-culture time after the SW620 cells were co-cultured
with the Jurkat T lymphocytes. The cytotoxicity was
significantly enhanced by PMA+ionomycin or TNF-α.
CONCLUSION: The FasL expressed in human colon
cancer cells may be regulated by endogenous factors in
the microenvironment of the host and facilitate the escape
of tumor cells from the host immune system.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: To investigate the potential role of cytokines in
promoting Fas ligand (FasL)-expressing colon cancer cells.
METHODS: Immunohistochemical SABC method was
used to observe the expression of Fas receptor and ligand
in SW620 colon cancer cell line and Jurkat T cells in order
to provide the morphological evidence for the functions
of Fas receptor and ligand. To examine the cytotoxicity of
effector cells, CytoTox96 non-radioactive cytotoxicity assay
was adopted to measure the lactate dehydrogenase-releasing
value after SW620 cells were co-cultured with Jurkat T
lymphocytes.
RESULTS: The FasL of colon cancer SW620 cells was
positive. The positive substances were distributed in the
cell membrane and cytoplasm. The Fas receptor of colon
cancer SW620 cells was negative. The Fas receptor and
ligand of Jurkat T lymphocytes turned out to be positive. The
positive substances were distributed in the cell membrane.
After phytohemagglutinin (PHA)-stimulated Jurkat T lymphocytes were co-cultured with phorbol 12-myristate 13acetate (PMA)-plus-ionomycin-stimulated (for 48 h) SW620
cells or tumor necrosis factor-alpha (TNF-α)-stimulated
(for 48 h) SW620 cells or unstimulated SW620 cells for 4 h,
the cytotoxicity of SW620 cells to PHA-stimulated Jurkat cells
at effector-to-target ratios of 10:1, 5:1, 2.5:1, and 1.25:1
was 74.6%, 40.8%, 32.4%, and 10.9% (F = 8.19, P<0.05);
or 54.9%, 35.3%, 22.0%, and 10.3% (F = 11.12, P<0.05);
or 14.9%, 10.5%, 6.9%, and 5.8% (F = 3.45, P<0.05).
After PHA-stimulated Jurkat T lymphocytes were co-cultured
with unstimulated SW620 cells for 8 h, the cytotoxicity of
SW620 cells to PHA-stimulated Jurkat cells at effector-totarget ratios of 5:1, 2.5:1, and 1.25:1 from the experiment
was 83.9%, 74.1%, and 28.5% (F = 137.04, P<0.05)
respectively. Non-radioactive cytotoxicity assay showed
that the apoptotic rate of Jurkat cells remarkably increased
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INTRODUCTION
The Fas/Fas ligand (FasL) system plays an important role
in the transduction of apoptotic signal into cells. In recent
years, numerous studies have demonstrated that Fas is
expressed on the surface of cells, whereas FasL expression
is restricted to a small number of cell types, such as lymphocytes,
cells of the immune-privileged organs and many types of
malignant tumor cells[1]. Evidence has pointed to an abnormal
increase in apoptosis among activated Fas-positive lymphocytes,
mainly in the periphery of the FasL-expressing tumors[2].
On the other hand, the occurrence of tumor is due to the
fact that the converted cells cannot undergo a normal process
of apoptosis. Resistance to apoptosis through the Fas
receptor pathway coupled with expression of the FasL might
enable many cancers to deliver a pre-emptive strike or
counterattack against the immune system[2-4]. This study
aimed to observe the interaction in vitro between T cells
expressing Fas and tumor cells expressing FasL, and to
investigate the potential role of FasL-expressing colon cancer
cells in vitro and the effect of endogenous cytokines on
tumor cells counterattacking T lymphocytes.
MA
TERIALS AND METHODS
MATERIALS
Reagents, antibodies, and apparatus
Ionomycin, PMA, and phytohemagglutinin (PHA) were
purchased from Sigma Chemical Co., USA. Tumor necrosis
factor-alpha (TNF-α) and CytoTox96  non-radioactive

3916

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

cytotoxicity assay kits were purchased from Promega Co.,
USA. RPMI1640 and DMEM were obtained from Gibco
Co. Fetal bovine serum (FBS) was purchased from Hyclone
Co. Monoclonal mouse anti-human CD95/FAS and monoclonal
mouse anti-human FasL were purchased from Zhongshan
Co., Beijing, China. SABC detection kit was purchased from
Bosden Co., Wuhan, China. A-5082 Sunrise automated
ELISA reader was purchased from Tecan, Austria.
Cell lines and cell culture
The human colon cancer cell line SW620 from American
Tissue Culture Collection (ATCC) was kindly donated by
Dr. Joe O’Connell, Cork University Hospital, Ireland. The
acute T cell leukemia cell line Jurkat (ATCC) was provided
by Institute of Hematology, Chinese Academy of Medical
Sciences. The human glioma cell line TJ905 was kindly donated
by Dr. Zhang WZ, Tianjin Huanhu Hospital, China. SW620
and TJ905 cells were cultured in DMEM supplemented
with 100 mL/L FBS. Jurkat T lymphocytes were cultured
in RPMI1640 medium (with 100 mL/L FBS) and stimulated
with 4 mg PHA/L[3]. All cell lines were incubated at 37
in a humidified 50 mL/L CO2 atmosphere.
Immunocytochemical procedures for detection of FasL and
Fas protein
Jurkat, TJ905, and SW620 cells were cultured on glass chamber
slides respectively. After fixation in 4% paraformaldehyde
for 60 min respectively, slides were washed twice for 5 min
in a wash buffer containing 50 mmol/L Tris-Cl, pH 7.6,
50 mmol/L NaCl, and 0.001% saponin. Endogenous
peroxidase was quenched with 3% hydrogen peroxide in
methanol for 5 min. Slides were washed as before except
that the wash buffer contained 1% normal goat serum, and
then blocked for 1 h in wash buffer containing 5% normal
goat serum[5]. Slides were washed and incubated overnight
at a dilution of 1:200 with monoclonal mouse anti-human
in a high-humidity chamber.
primary antibodies at 4
Antibody binding was localized using biotinylated secondary
antibody, avidin-conjugated horseradish peroxidase, and
diaminobenzidine substrate. Slides were counterstained with
hematoxylin, washed for 1 h with PBS, air-dried and covered
with mounting medium. Negative control slides were
processed with PBS in place of primary antibodies.
Fas-mediated cytotoxicity assay
To examine the cytotoxicity of effector cells, CytoTox96 nonradioactive cytotoxicity assay[6] was adopted to measure lactate
dehydrogenase (LDH)-releasing value after SW620 or TJ905
cells (control) were co-cultured with Jurkat T lymphocytes.
Jurkat cells were incubated with PHA (4 mg/L) [3] in
RPMI1640 (50 mL/L FBS) for 24 h and counted with a
hemocytometer before cytotoxicity assay. SW620 or TJ905
cells (control) were seeded on 96-well U-bottom tissue culture
plates (Falcon) at a density of 2×109/L, 1×109/L, 5×108/L,
and 2.5×10 8/L respectively, and kept under controlled
conditions or stimulated with 10 µg/L PMA+500 µg/L
ionomycin or with 20 µg/L TNF-α for 48 h. For a further
24 h of culture PHA-stimulated Jurkat cells (2×104 in 100 µL)
were added, keeping effector-to-target cell ratios at 10:1, 5:1,
2.5:1, and 1.25:1. PHA-stimulated Jurkat cells were co-
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cultured with effector cells in 100 µL RPMI1640 medium
(50 mL/L FBS) each well. Tissue culture plate was centrifuged
to ensure cell-cell contact[6].
at 250 r/min for 5 min at 4
In each experiment triplicate wells were analyzed. At the
same time, the values of effector cell spontaneous LDH
release, target cell spontaneous LDH release, target cell
maximum LDH release, volume correction control, and
culture medium background were measured. Then the
following formula was applied in the calculation of percent
cytotoxicity:cytotoxicity (%) = (experimental LDH releaseeffector cell spontaneous LDH release-target cell spontaneous
LDH release)/(target cell maximum LDH release-target cell
spontaneous LDH release)×100.
Statistical analysis
Results were compared by analysis of variance (ANOVA)
using SPSS10.0 software. P<0.05 was considered statistically
significant.

RESUL
TS
RESULTS
Immunocytochemical detection of FasL and Fas protein in
SW620, Jurkat and TJ905 cells
FasL expression in colon cancer SW620 cells was strongly
positive. The positive substances were distributed in the
cell membrane and cytoplasm (Figure 1A), while Fas
expression in SW620 cells was negative (Figure 1B). Fas
and FasL expression in Jurkat T lymphocytes turned out to
be positive. The positive substances were distributed in the
cell membrane and cytoplasm, while the nuclei of the cells
were negative (Figures 1C and D). Fas expression in TJ905
cells was positive. The positive substances were distributed
in the cell membrane and cytoplasm (Figure 1E). FasL
expression in TJ905 cells was weakly positive (Figure 1F).
Results of cytotoxicity assay
After the SW620 cells were co-cultured with the PHAstimulated Jurkat T lymphocytes for 4 h, the cytotoxicity
(Figure 2) of SW620 cells to PHA-stimulated Jurkat cells
at different effector-to-target ratios had significant differences
(F = 3.45, P<0.05). After stimulation with 10 µg/L PMA+
500 µg/L ionomycin for 48 h, the SW620 cells were cocultured with the PHA-stimulated Jurkat T lymphocytes
for 4 h. The cytotoxicity (Figure 2) of SW620 cells to PHAstimulated Jurkat cells at different effector-to-target ratios
had significant differences (F = 8.19, P<0.05). After
stimulation with 20 µg/L TNF-α for 48 h, the SW620 cells
were co-cultured with the PHA-stimulated Jurkat T lymphocytes
for 4 h. The cytotoxicity (Figure 2) of SW620 cells to PHAstimulated Jurkat cells at different effector-to-target ratios
had significant differences (F = 11.12, P<0.05). After the
SW620 cells were co-cultured with the PHA-stimulated
Jurkat T lymphocytes for 8 h, the cytotoxicity of SW620
cells to PHA-stimulated Jurkat cells at effector-to-target ratios
of 5:1, 2.5:1, and 1.25:1 was 83.9%, 74.1%, and 28.5%
respectively and had significant differences (F = 137.04,
P<0.05). The cytotoxicity of Jurkat cells after co-culture
with SW620 (different effector-to-target ratios) for 8 h was
much higher than that after being co-cultured with SW620
(different effector-to-target ratios) for 4 h (P<0.05, Table 1).
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Figure 1 Expression of FasL and Fas in SW620 cells (A and B), Jurkat cells
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Figure 2 Comparison of cytotoxicity assay among three groups.

After PMA-plus-ionomycin-stimulated (for 48 h) SW620
cells or unstimulated SW620 cells were co-cultured with PHAstimulated Jurkat T lymphocytes for 4 h, the cytotoxicity
of PMA-plus-ionomycin-stimulated SW620 cells was much
higher than that of control. The cytotoxicity had significant
differences between the two groups (P<0.05, Table 1). After
TNF-α-stimulated (for 48 h) SW620 cells or unstimulated
SW620 cells were co-cultured with PHA-stimulated Jurkat
T lymphocytes for 4 h, the cytotoxicity of TNF-α-stimulated
SW620 cells was much higher than that of control. The
cytotoxicity had significant differences between the two
groups (P<0.05, Table 1).
After the TJ905 cells were co-cultured with the PHAstimulated Jurkat T lymphocytes for 4 h, the cytotoxicity
of TJ905 cells to PHA-stimulated Jurkat cells at different
effector-to-target ratios had no differences (F = 0.25, P>0.05).

(C and D), and TJ905 cells (E and F).

TJ905 cells were not cytotoxic to Jurkat cells. After the
TJ905 cells were co-cultured with the PHA-stimulated Jurkat
T lymphocytes for 8 h, the cytotoxicity of TJ905 cells to
PHA-stimulated Jurkat cells at different effector-to-target
ratios had no differences (F = 2.92, P>0.05). TJ905 cells
were not cytotoxic to Jurkat cells. After the TJ905 cells
were stimulated with 10 µg/L PMA+500 µg/L ionomycin
for 48 h, the TJ905 cells were co-cultured with the PHAstimulated Jurkat T lymphocytes for 4 h. The cytotoxicity
of TJ905 cells to PHA-stimulated Jurkat cells at different
effector-to-target ratios had no differences (F = 0.04, P>0.05),
TJ905 cells were not cytotoxic to Jurkat cells. After the
TJ905 cells were stimulated with 20 µg/L TNF-α for 48 h,
the TJ905 cells were co-cultured with the PHA-stimulated
Jurkat T lymphocytes for 4 h. The cytotoxicity of TJ905
cells to PHA-stimulated Jurkat cells at different effectorto-target ratios had no differences (F = 0.97, P>0.05), TJ905
cells were not cytotoxic to Jurkat cells. Cytotoxicity assay
showed that no cytotoxicity to human glioma TJ905 cells
was observed in the PHA-stimulated Jurkat T lymphocytes.

DISCUSSION
Fas is constitutively expressed in lymphocytes of normal subjects.
After lymphocytes are triggered by inflammatory cytokines
or tumor antigen, Fas expression is significantly augmented.
Since the expansion of tumor-specific CD4 and CD8 cells
is the current goal of many promising immunotherapeutic
strategies, it is important to understand the factors that may
influence the fate of such specific cells. Moreover, uncloned
CD4 cell line originally isolated from human tumor tissue[7]

Table 1 Comparison of cytotoxicity assay after co-culturing PHA-stimulated Jurkat T lymphocytes with SW620 cells
Sources of deviations

F (8 h)

P

Sample
Column

475.99
77.62

<0.05
<0.05

Intercept

51.09

<0.05

Two-way ANOVA.

F (PMA-plus-ionomycin)

P

F (TNF-α)

P

27.71
10.29

<0.05
<0.05

57.87
129.92

<0.05
<0.05

5.14

<0.05

15.75

<0.05
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as well as tumor-specific human cytotoxic T lymphocytes
(CTLs) clones[8] are also reported to express Fas in vitro and
to be sensitive to its ligation. Recent evidence shows that
tumor-infiltrating lymphocytes (TILs) exhibit significantly
increased expression of Fas relative to peripheral blood
lymphocytes[9]. There is evidence that the lack of co-stimulatory
signals such as B7.1, a feature of many tumors, promotes
T-cell sensitivity to FasL in the tumor microenvironment[10].
Since TILs are difficult to be isolated and expanded in vitro,
we chose Jurkat T lymphocytes instead of TILs in our study.
Fas is expressed in each colonocyte of normal colon
mucosa, and downregulated or lost in the majority of colon
cancers. Immunohistology revealed that the majority of
colon cancers express Fas at abnormally low levels or entirely
lack Fas[11]. Our results are compatible with these findings.
Further more data have confirmed that colon cancer cell
line is constitutively or at least relatively resistant to Fasmediated apoptosis[12,13]. Resistance to Fas-mediated apoptosis
is a common feature of cancers, irrespective of cell surface
expression of Fas[14]. Thus, the downmodulation or abrogation
of Fas on tumor cells and/or acquirement of relative resistance
to Fas ligation might be a selection advantage, and constitute
a mechanism of immune evasion to Fas-mediated killing
by T cells[15,16].
The FasL-expressing SW620 cell line is derived from a
lymph node metastasis of primary colon cancer. The present
study further confirmed that the expressed FasL was demonstrated to be functional, since co-culture experiments using
FasL-expressing SW620 cells resulted in the apoptosis of
Jurkat T leukemia cells that are sensitive to Fas-mediated
apoptosis, which consequently may facilitate metastatic
development. Our findings and other data suggest that tumor
cells can evade immune attack by downregulating the Fas
and inducing apoptosis in activated T lymphocytes through
the expression of FasL. Furthermore, the constitutive expression
of FasL in hepatic metastatic tumors suggests that FasL may
also be important in their colonization in the liver through
induction of apoptosis in the surrounding Fas-expressing
hepatocytes[17]. FasL expression in human colon cancers
is associated with apoptotic depletion of TILs in vivo [2].
In addition, upregulation of FasL expression probably
induces killing of Fas-bearing tumor cells by promoting
the selection of malignant tumor variants, because its Fas
pathway has become insensitive to FasL binding. In the
tumor microenvironment, IFN and other potentially relevant
cytokines may be provided endogenously by immune system
interaction, such as CD4+ T cells, following interaction with
MHC class II+ antigen-presenting cells. Ag-specific CD8+
CTLs may then lyse cytokine-modified tumor cells through
Fas-dependent and/or Fas-independent pathways, depending
upon the intrinsic susceptibility of the tumor population to
one or more immune effector mechanisms. Zeytun et al.[18],
reported a mutual killing model in which FasL+, Fas+ tumor
cells, LSA and EL-4, kill Fas+ tumor-specific CTLs and are
also killed by tumor-specific FasL+ CTLs. They concluded
that the survival of the tumor or the host might depend on
the cells which can accomplish FasL-based killing more
efficiently. It is clear that the highly sophisticated and flexible
adaptive immune response of higher vertebrates requires
subtle regulation, particularly of receptors that can deliver
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such a devastating outcome as cell death. Ding et al.[19],
reported that PMA+ionomycin and endogenous cytokines
such as interleukin-18 (IL-18), TNF-α and IFN-γ upregulate
the expression of FasL protein in human colon cancer cell
lines DLD-1 and SW620. We further showed that the
cytotoxicity was significantly enhanced by PMA+ionomycin
and TNF-α. Since IFN-γ, TNF-α, and other potentially
relevant cytokines are mainly secreted by activated T cells
and macrophages, the upregulation of FasL in cancer cells
in response to some cytokines may thus counterselect activated
TILs and favor a microenvironment of T-cell anergy and
the immune escape of cancer cells. Our data suggest that
the FasL expressed in human colon cancer cells may be
regulated by endogenous factors in the microenvironment
of the host and facilitate the escape of tumor cells from the
host immune system. Pages et al.[20], observed that synthesis
of IL-18 decreases or is abolished in colon adenocarcinomas
compared to that in normal mucosa, thus resulting in
decreasing IFN-γ production and impairing FasL-dependent
cytotoxicity of immune cells. This feature is correlated with
the existence of distant metastasis and an unfavorable
outcome. Xu et al.[21], reported that IFN-γ upregulates the
expression of Fas and FasL in HT29 cells, a human colon
adenocarcinoma cell line, and subsequently induces apoptosis
of these cells in an autocrine and paracrine manner.
However, it is important to note that many mechanisms of
Fas-resistance can also occur, such as Fas-associated phosphatase1, overexpression of bcl-2 and secretion of soluble Fas
from tumor cells in a variety of human tumor cell lines that
express Fas[22,23]. TNF-α and IFN-γ are potent immunostimulatory cytokines with tumoricidal effects in a variety
of cancers. But at the same time these cytokines might facilitate
escape of tumor cells from the host immune system.
Taken together, we also considered a new mechanism
of immune evasion, namely, the active destruction of T
lymphocytes by tumor cells expressing CD95 ligand. It may
provide insights into the processes of both tumor immunity
and tumor escape for at least a potential subset or fraction of
malignancies. Disarming the Fas counterattack is a conceptually
appealing and exciting potential goal for tumor immunotherapy.
Ongoing studies are aimed at further understanding the basis
of Fas resistance and counterattack, thus determining how
to restore tumor cell sensitivity to Fas or block expression or
function of FasL in tumor cells.
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Abstract
AIM: To investigate the protective effect of isoflurane on
energy balance in isolated hepatocytes during in vitro
anoxia/reoxygenation, and to compare isoflurane with
halothane.
METHODS: Hepatocytes freshly isolated from fed rats
were suspended in Krebs-Henseleit buffer, and incubated
in sealed flasks under O2/CO2 or N2/CO2 (95%/5%, V/V)
for 30 or 60 min, followed by 5 or 10 min of reoxygenation,
with an added volatile anesthetic or not. ATP, ADP, and
adenosine monophosphate in hepatocytes were determined
by high performance liquid chromatography, and energy
charge was calculated.
RESULTS: During 30 min of anoxia, the energy charge
and total adenine nucleotide steadily increased with the
isoflurane dose from 0 to 2 minimum alveolar anesthetic
concentration (MAC), then decreased from 2 to 3 MAC.
In short incubations (30-35 min) at 1 MAC isoflurane, energy
charge modestly decreased during anoxia, which was
partially prevented by isoflurane and completely reversed
by reoxygenation, and total adenine nucleotide did not
decrease. In long incubations (60-70 min), both energy
charge and total adenine nucleotide greatly decreased
during anoxia, with partial and no reversal by reoxygenation,
respectively. Isoflurane partly prevented decreases in both
energy charge and total adenine nucleotide during anoxia
and reoxygenation. In addition, 1 MAC isoflurane obviously
increased ATP/ADP, which could not be changed by 1
MAC halothane.
CONCLUSION: Isoflurane partially protects isolated
hepatocytes against decreases in both energy charge and
total adenine nucleotide during short (reversible) or long
(irreversible) anoxia.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatic anoxia, alone or as a component of ischemia, is an
ever-present concern during abdominal surgery, because
associated inhibition of energy supply threatens liver cell
function and viability[1,2]. Evidence is mounting that the
inability of the liver to maintain or regain energy balance
during and after surgery is one of the strongest predictors
of liver damage and adverse outcome[3,4]. Also, release from
injured tissue of metabolites, such as adenosine, with
cardiovascular effects may further compromise the anesthetic
management of seriously ill or injured patients. Thus,
surgeons and anesthesiologists need to be aware of, and to
use, whatever measures are available to preserve energy
balance in tissues.
The sum of ATP splitting by many concurrent energyrequiring reactions is called “ATP demand.” ATP supply
occurs mainly via mitochondrial oxidative phosphorylation,
which is absolutely dependent on O2. Under normal conditions,
ATP supply easily keeps pace with ATP demand, and adenine
nucleotide (high-energy phosphate) exists mainly in the form
of ATP, along with relatively small amounts of ADP and
adenosine monophosphate (AMP). However, when ATP
supply is inhibited by lack of oxygen, ATP demand predominates, ADP and AMP then accumulate at the expense of
ATP, and eventually adenosine and other non-nucleotide
metabolites appear. Thus, shifts in the balance between ATP
supply and demand can be assessed by measuring changes in
the absolute and relative levels of ATP and its metabolites.
A more complete and accurate expression is energy charge.
Energy charge = (ATP+1/2ADP)/(ATP+ADP+AMP).
MA
TERIALS AND METHODS
MATERIALS
Hepatocytes were isolated from adult male Sprague-Dawley
rats (250-300 g) having free access to food and water[5].
Livers were perfused in situ by using Ca 2+-free KrebsHenseleit buffer (pH 7.4) supplemented with 20 mmol/L
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4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid,
and equilibrated with O2/CO2 (95/5).
maintained at 37
Perfusion was continued for 10 min with buffer alone, then
for another 12-14 min with added collagenase (Type I, Sigma
Chemical Co., St. Louis, MO). The softened liver was
transferred to a plastic weighing dish containing 25 mL
Krebs+2% dissolved bovine serum albumin, teased apart
with a spatula and chopped finely with sharp scissors. After
further dilution to 100 mL with Krebs+2% dissolved bovine
serum albumin, the cell slurry was washed into a 500-mL
Erlenmeyer flask, gently swirled under a flowing O2/CO2
(95%/5% V/V) atmosphere at 37
for 15 min, then
filtered through nylon mesh. Each 12 mL of crude cell
suspension was mixed with 28 mL Percoll (Pharmacia,
Sweden, obtained from Sigma) and centrifuged at 10 000 g
for 10 min. The layer of intact, purified hepatocytes at the
bottom of the gradient was rinsed free of Percoll by
suspension in Krebs and centrifugation for 2 min at 50 r/min.
The final pellet contained a total of 2-4×108 cells that were
90-95% viable by dye exclusion. Cells were stored for 2 h
on ice before use without loss of viability.
In 25-mL round-bottomed flasks, 12.5 million cells were
suspended in a total volume of 2.5 mL Krebs+2% dissolved
bovine serum albumin (pH 7.4). Flasks were sealed with
rubber caps through which 14-gauge needles were inserted
for in- and out-flow of gas mixture. After 10 min preincubation
under O2/CO2, regassing and experimental incubations were
carried out as follows: O2/CO2 for 35 or 70 min (= oxygenated),
N2/CO2 for 30 or 60 min (= anoxic), or N2/CO2 for 30 or
60 min followed by O2/CO2 for 5 or 10 min, respectively
(= reoxygenated). All incubations were performed by swirling
the flasks in a water bath at 37 . When needed, anesthetics
were added at the desired concentrations to the gas mixture
used for gassing the flasks by means of a copper kettle
vaporizer. Gas chromatography measurements established
that anesthetic concentrations in liquid phase reached a
constant value within 5-10 min. (The absolute concentrations
in the liquid phase varied with anesthetic dose and cell
concentration.) Incubations were terminated by injecting
0.5 mL 2 mol/L perchloric acid forcefully into the suspension
to arrest enzyme-catalyzed reactions. After removal of precipitated membranes and protein by centrifugation, the clear
supernatant containing extracted adenine nucleotides and
other metabolites was neutralized with 2 mol/L potassium
hydroxide and cooled on ice to precipitate excess potassium
perchlorate. The supernatant was decanted and stored atbefore metabolite measurements.
20
ATP, ADP, and AMP were analyzed by high performance
liquid chromatography (LDC Analytical, Riviera Beach, FL,
USA) using a CM4000 pump interfaced with a SM5000
detector. The separation was accomplished on a C18
reversed phase column. Elution with a binary gradient was
carried out at a flow rate of 1.0 mL/min. Mobile phase A
consisted of 30 mmol/L potassium phosphate as buffer
(pH 6.0) and 8 mmol/L tetrabutylammonium hydrogen
sulfate as ion-pairing reagent. Mobile phase B was identical
except that it contained 500 mL/L methanol. Recovery of
ATP, ADP, and AMP routinely exceeded 90-95%, as estimated
from the concentration of caffeine added as an internal
standard.
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Statistical analysis
Data were presented as mean±SD. One- or two-way analysis
of variance with replications and Scheffe’s or paired t-tests
were used for statistical analysis. P<0.05 was considered
statistically significant.

RESUL
TS
RESULTS
Figure 1A shows the effect of isoflurane dose on adenine
nucleotide levels in isolated hepatocytes after exposure to anoxia
for 30 min. ATP levels increased and AMP levels decreased
from their respective control values as isoflurane increased
from 0 to 2 minimum alveolar anesthetic concentration
(MAC, 0-3% concentration), with a slight reversal from 2
to 3 MAC (3-5% concentration). Total adenine nucleotide
increased to a lesser degree with isoflurane dose and was
significantly higher than baseline only at 2 MAC. Values of
ADP did not change significantly from baseline at any dose
of isoflurane. Values of energy charge (not shown) paralleled
to those of ATP.
Figure 1B shows data obtained from incubations
performed for 30-35 min. In cells incubated under O2 for
35 min, amounts of ATP were maximal and balanced by
relatively small amounts of ADP and AMP. Isoflurane
slightly decreased ATP while increasing ADP and AMP.
Although changes in individual nucleotide concentrations
were not statistically significant, they combined to produce
a significant decrease in energy charge.
In cells anoxic for 30 min (under N2 rather than O2),
ATP substantially decreased and ADP and AMP increased
compared to oxygenated cells. The associated decrease in
energy charge confirmed that anoxia shifted energy balance
toward a much lower degree of phosphorylation in the
adenine nucleotide pool. When isoflurane was present during
anoxia, ATP remained significantly higher and AMP lower
than in anoxic cells without isoflurane. These two effects
of isoflurane combined to maintain a proportionately higher
value of energy charge.
Cells exposed to 30 min of anoxia followed by 5 min of
reoxygenation showed values of all three adenine nucleotides
and energy charge that were not significantly different from
those of cells exposed to O 2 continuously for 30 min.
Furthermore, no difference in any of these variables was
seen for +isoflurane compared to -isoflurane.
Figure 1C shows results obtained from a second set of cell
preparations subjected to incubations for 60-70 min. In cells
incubated under O2 alone for 70 min, absolute and relative
amounts of ATP, ADP, and AMP were not significantly different
from those incubated for 30 min. The changes produced
by inclusion of isoflurane along with O2 decreased ATP,
increased ADP and AMP, and a statis-tically significant
decrease in energy charge were only slightly (and not
significantly) larger than in cells incubated for 35 min.
In cells that were anoxic (exposed to N2) for 60 min,
values of ATP, ADP, AMP, total adenine nucleotide, and
energy charge were all significantly lower than in cells
exposed anoxia for 30 min. The effects of including
isoflurane during anoxia were also generally more
pronounced in cells exposed to anoxia for 60 min: compared
to values in the absence of isoflurane, ATP was more than
double and energy charge almost double, ADP and total
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Figure 1 Dependence of ATP, ADP, AMP and total adenine nucleotide and
energy charge in isolated hepatocytes on isoflurane during 30 min exposure to
anoxia (A), anesthetic and oxygenation status during 30-35 min incubation (B)
and during 60-70 min incubation (C). Iso, isoflurane; O 2 , oxygenated; N 2,

anoxic; ReO2, reoxygenated after anoxia. Values shown are means for n = 8
experiments. aP<0.05 vs initial values at 0% isoflurane; cP<0.05 vs control
groups (isoflurane absent).

adenine nucleotide were significantly higher while AMP was
not significantly lower.
Reoxygenated cells incubated for longer periods (N2
for 60 min, O2 for 10 min) differed greatly from cells subjected
to shorter incubations (N2 30 min, O2 5 min), whereas values
of ADP and AMP were not much different from those of
oxygenated cells. Energy charge, ATP and total adenine
nucleotide were drastically decreased. Another difference
between longer and shorter incubations of reoxygenated
cells was that in the longer ones, isoflurane-related differences
in energy status persisted into the reoxygenation period;
increases in ATP, ADP, and total adenine nucleotide during
anoxia were maintained during reoxygenation.
Table 1 shows the data from a separate experiment
carried out solely to compare isoflurane and halothane at
approximately 1 MAC for their ability to alter energy status
in isolated hepatocytes during 30-min exposure to anoxia.
ATP/ADP was again higher with 1 MAC isoflurane present
than in paired control incubation (isoflurane absent) using
cells from the same preparation. With 1 MAC halothane, no
difference at all in ATP/ADP during anoxia was seen, each
incubated in the presence and absence of that agent.

effect of isoflurane in anoxic hepatocytes varied in a systematic
way with isoflurane dose. There was a graded dose-response
relationship from 0 to 2 MAC, with a slight reversal of
protection at 3 MAC. It seems that, at least in isolated cells,
the energy-protective effect of isoflurane is optimal in the
dose range used for clinical anesthesia. The basis for the
response “ceiling” at 2 MAC awaits an understanding of
the biochemical basis of the protective effect. An important
question still to be addressed in this line of investigation is
the extent to which the protective effect is associated with
the anesthetic state. Is this effect limited to isoflurane or to
other halogenated or volatile agents? Does ED50 for the
protective effect correlate with MAC?
In the shorter incubation (30-35 min) that examined
varying oxygenation status, 1 MAC isoflurane tended to
decrease ATP and increase ADP and AMP in cells exposed
to oxygen, presumably because isoflurane inhibits mitochondrial
recycling of ADP to ATP via oxidative phosphorylation[6,7].
An opposite and larger effect of isoflurane on energy status
was found in anoxic cells: superimposed on the great
decrease in ATP and energy charge produced by anoxia,
the effect of isoflurane was to enhance energy balance rather
than to further impair it. In reoxygenated cells, there were
neither protective nor detrimental effects of isoflurane on
energy balance; and isoflurane produced no effect at all on
any of the measured variables of energy status. The similarity
between reoxygenated and continuously oxygenated cells
indicates that exposure to 30-min anoxia with or without
isoflurane has no irreversible effect on the energy status of
hepatocytes.
The longer incubation (60-70 min) produced physiologically
significant and/or irreversible effects of anoxia on cellular
energy status. As in the 35-min incubation, data from cells
oxygenated for 70 min showed that non-anoxic injury might
have occurred during that period of incubation. The similarities
in ATP, ADP, AMP, and total adenine nucleotide values
suggest that the longer period of incubation is well tolerated,
because damaged cells rapidly lose adenine nucleotides. The
effects of anoxia on adenine nucleotide content and energy
balance were considerably greater after 60-min exposure to
anoxia than after 30-min exposure to anoxia. In anoxic cells
after 60-min exposure to anoxia, there was a great decrease
in total adenine nucleotide compared to oxygenated cells (vs

Table 1 Different effects of isoflurane and halothane on energy
status in hepatic cells during 30 min exposure to anoxia (mean±SE)
ATP/ADP

Isoflurane

Halothane

O2

N2

Non- anesthetics Group

5.3±0.6

0.7±0.1

7.4±1.1

1.1±0.3

Anesthetics Group

4.8±0.5

1.2±0.1a

7.3±1.5

1.2±0.2

a

O2

N2

P<0.05 vs non-anesthetics group, n = 8.

DISCUSSION
Intact isolated hepatocytes embody a physiologic balance
of the reactions involved in ATP supply and demand in a
form that permits uniform control and ready measurement
of biochemical variables. We have studied these cells extensively
under simulated intra-operative conditions to predict energetic
responses at the tissue and organ level.
The data in Figure 1B show that the energy-protective
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none at 30 min), the decrease in energy charge was also
greater after 60-min exposure to anoxia than after 30-min
exposure to anoxia. In reoxygenated cells, none of the effects
of 60-min exposure to anoxia were reversed, in contrast to
all of the effects of 30-min exposure to anoxia. The
importance of total adenine nucleotide in limiting the levels
of ATP, ADP, and AMP during brief recovery from anoxia
was shown clearly by the almost identically lowered values
of total adenine nucleotide in corresponding anoxic and
reoxygenated cells after 70-min exposure to anoxia. Also, in
contrast to the shorter incubation, in the longer incubation
the protective effect of isoflurane was observed during
anoxia-increased energy charge and total adenine nucleotide
was persistent through the reoxygenation period.
As mentioned earlier, the measured values of ATP,
ADP, and AMP concentrations and the calculated values
of total adenine nucleotide and energy charge in isolated
hepatocytes are sensitive indicators of changes in the
dynamic balance of ATP supply and demand. The anesthetic
effects reported here may well be due to the direct action
of the drug on one or more of the intracellular reactions
involved in producing or consuming ATP[8-10]. The results
of other studies suggested that the protective effect of
isoflurane may be due to “decreased metabolism” and, more
precisely, due to inhibition of ATP demand[11-13]. The conclusion
holds also for the findings of the present study. Previous
studies showed that isoflurane causes a dose-related decrease
in O2 consumption in isolated hepatocytes[14]. However, it
would be erroneous to conclude that this decrease in O2
consumption reflects primary inhibition of ATP demand
(with secondary inhibition of mitochondrial oxidative
phosphorylation via respiratory control), because volatile
anesthetics are also able to inhibit oxidative phosphorylation
directly[15,16]. In fact, inhibition of ATP demand in intact
cells can be ascertained only by direct measurement of ATP
consumption.
Two possible mechanisms may be mentioned by which
decreased AMP formation can maintain ATP levels. An
anoxia-induced increase in AMP promotes its degradation
to adenosine and other non-nucleotide metabolites[17]. The
latter step seems to be a physiologic “point of no return”,
because ATP is not easily resynthesized from its nonnucleotide metabolites when oxygen and ATP supply are
restored[17]. Thus, a decrease in AMP formation would decrease
the rate of ensuing AMP degradation and loss of total
adenine nucleotide. Also, a decrease in AMP formation from
ADP via inhibition of adenylate kinase can preserve the
availability of ADP for conversion back to ATP via glycolysis.
The present study demonstrates that 1 MAC isoflurane
actually helps to preserve liver cell energy balance during
anoxia (whereas 1 MAC halothane has no such effect). The
demonstration of this protective effect might be crucially
dependent on the specific experimental conditions used in
this study. Relatively short periods of anoxic exposure may
prevent enzymes that catalyze ATP-consuming reactions
from being degraded to the extent that inhibition of their
activity by isoflurane could not be detected. Also, the use
of anoxia (0% O2) rather than hypoxia may eliminate vestiges
of mitochondrial ATP formation, anesthetic inhibition of
which may decrease ATP/ADP and thus opposing or even
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canceling ATP/ADP increases resulting from anesthetic
inhibition of ATP consumption[18,19].
For optimal anesthetic and surgical care, we need to
know as much as possible about the effects and actions of
the drugs we use, especially with regard to a process as
essential as energy balance. The work described here has
documented certain effects of isoflurane on ATP supply
and demand at the cellular level and laid the groundwork
for explaining them in terms of actions on specific
biochemical reactions that produce and consume ATP. In
addition to further elucidate such basic mechanisms, we
also need to examine the consequence of these cellular
effects in physiologic and clinical terms, by using more intact
systems and measures of outcome.
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Abstract
AIM: To assess the effectiveness and safety of perioperative
growth hormone (GH) in patients undergoing abdominal
surgery.
METHODS: We searched the following electronic
databases: MEDLINE, EMBASE, the Cochrane Controlled
Trials Register, Chinese Bio-medicine Database. The
search was undertaken in February 2003. No language
restrictions were applied. Randomized controlled trials
(RCT) comparing GH with placebo in patients undergoing
abdominal surgery were extracted and evaluated.
Methodological quality was evaluated using the Jadad
scale.
RESULTS: Eighteen trials involving 646 patients were
included. The combined results showed that GH had a
positive effect on improving postoperative nitrogen balance
(standardized mean difference [SMD] = 3.37, 95%CI
[2.46, 4.27], P<0.00001), and decreasing the length of
hospital stay (weighted mean difference [WMD] = -2.07,
95%CI [-3.03, -1.11], P = 0.00002), and reducing the
duration of postoperative fatigue syndrome (SMD = -1.83,
95%CI [-2.37, -1.30], P<0.00001), but it could increase
blood glucose levels (WMD = 0.91, 95%CI [0.56, 1.25],
P<0.00001).
CONCLUSION: GH for patients undergoing abdominal
surgery is effective and safe, if blood glucose can be
controlled well. Further trials are required with a sufficient
size to account for clinical heterogeneity and to measure
other important outcomes such as infection, morbidity,
mortality, fluid retention, immunomodulatory effects, and
tumor recurrence.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Catabolism and negative nitrogen balance is a part of the
metabolic reaction to major abdominal surgical trauma. It
is a concern to surgeons because the catabolic response is
correlated with the overall surgical morbidity rate, causing
prolonged convalescence. Growth hormone (GH) has been
shown to have anabolic effects and to reduce or even prevent
nitrogen catabolism in patients undergoing abdominal
surgery. The effect of GH has recently been studied by
many researchers. In 1974 Wilmore et al.[1], suggested that
adequate nutritional intake was necessary for GH to have
nitrogen-saving effects. In 1986 the study by Phillips [2]
demonstrated that GH stimulated hepatic production of
somatomedin (insulin-like growth factor-I, IGF-I) whose
action could promote diverse anabolic processes, such as
synthesis of RNA, DNA, proteins or proteoglycans.
However, the effects of GH on nonmetabolic clinical
outcome remain unclear.
Meta-analysis has been gradually used in medicine to
improve the statistical efficiency, to evaluate the disadvantages
of formulated researches and hypothesis, and to reach
reliable conclusions from the mixed assortment of potentially
relevant studies to determine the most promising directions
for future researches. We performed a meta-analysis of
available studies to assess the effectiveness and safety, in
order to improve our understanding of the clinical effects
of perioperative GH treatment of patients undergoing
abdominal surgery; clinical outcomes including nitrogen
balance, length of hospital stay, blood glucose, and
postoperative fatigue syndrome were measured. Other
important outcomes, such as infection, morbidity, mortality,
fluid retention, immunomodulatory effects and tumor
recurrence, were also measured.
MA
TERIALS AND METHODS
MATERIALS
Identification of trials
Our aim was to identify all relevant randomized controlled
trials (RCT) that compared GH with placebo in patients
undergoing abdominal surgery. A RCT was defined as a
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trial in which patients were assigned prospectively to one
of two interventions by random allocation. We used a
multimethod to identify relevant studies for the present
review. A computerized literature search of MEDLINE
from 1966 to October 2002 was conducted using the following
search terms: operation OR surgery OR postoperative OR
perioperative AND GH AND RCT (publication type) or
controlled clinical trials or clinical trials, randomized. In
addition, we searched Embase (1980-2002), Cochrane
Controlled Trials Register (Issue 1, 2003), and Chinese Biomedicine Database (1979-2002), reviewed our personal files,
and contacted experts in the field. Bibliographies of all
selected articles and review articles that included information
on GH were reviewed for other relevant articles. This search
strategy was done iteratively, until no new potential,
randomized, controlled trial citations were found on review
of the reference lists of retrieved articles.
Study selection and data extraction
The following selection criteria were used to identify
published studies for inclusion in this analysis: study design
- randomized clinical trial, population - hospitalized adult
patients undergoing abdominal surgery, intervention - GH
vs placebo initiated at the same time and with the same
nutrition support, and outcome variables - at least one of
the following primary outcome variables: nitrogen balance,
length of hospital stay, blood glucose, postoperative fatigue
syndrome, incidence of infection, morbidity, mortality, fluid
retention, immunomodulatory effects, and tumor recurrence.
Study selection and data abstraction were conducted
independently by the two investigators.
Data analysis
The incidences of infection, tumor recurrence, fluid retention,
morbidity, and mortality were treated as binary variables.
Nitrogen balance, length of hospital stay, blood glucose,
postoperative fatigue syndrome, and immunomodulatory
effects were treated as continuous variables. Data analysis
was performed using the random effect model with meta-
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analysis software (RevMan 4.2; Cochrane Collaboration,
Oxford, UK). The continuous data outcomes were presented
with 95% confidence intervals (CIs). When authors reported
standard deviations, we used them directly. When standard
deviations were not available, we computed them from the
observed mean differences (either differences in changes
or absolute readings) and the test statistics. When the test
statistics were not available, given a P value, we computed
the corresponding test statistics from tables for the normal
distribution. We tested heterogeneity between trials with χ2
tests, with P<0.05 indicating significant heterogeneity[3].
Methodological quality was evaluated using the Jadad scale[4].

RESUL
TS
RESULTS
From 460 articles screened, 38 were identified as RCT
comparing GH with placebo and included for data extraction.
Twenty studies were excluded, and the remaining 18 trials
were included in the present meta-analysis[5-22]. Only one
study[19] was in Chinese. Articles were excluded for the
following reasons, namely the outcomes of interest were
not recorded[23-37] and some articles repeated[38-42]. A total
of 646 patients were enrolled in the included studies. The
characteristics of studies included in meta-analysis comparing
GH with placebo are presented in Table 1. Not all of the
studies reported the outcome of interest, postoperative
nitrogen balance was reported in 11 studies[5-15], length of
hospital stay in 3 studies[17-19], postoperative fatigue syndrome
in 3 studies[20-22], blood glucose in 6 studies[12-17].
The combined results showed that GH had a positive
effect on improving the postoperative nitrogen balance
(standardized mean difference [SMD] = 3.37, 95%CI [2.46,
4.27], P<0.00001) (Table 2A), and decreasing the length of
hospital stay (weighted mean difference [WMD]=-2.07,
95%CI [-3.03, -1.11], P = 0.00002) (Table 2B), and reducing
the duration of postoperative fatigue syndrome (SMD =
-1.83, 95%CI [-2.37, -1.30], P<0.00001) (Table 2C), but it
could increase blood glucose levels (WMD = 0.91, 95%CI
[0.56, 1.25], P<0.00001) (Table 2D).

Table 1 Characteristics of studies included in meta-analysis comparing GH with placebo
Study

Year

Jadad score

Reference

Operation

GH

Lehner
López

1992
1993

3
1

6
7

Major abdominal surgery
Major surgery of the digestive tract

0.3 IU/kg/d for 5 d
0.2 IU/kg/d for 6 d

Wong
Tacke

1995
1994

2
1

8
9

Major abdominal surgery
Major gastrointestinal surgery

0.2 IU/kg/d for 7 d
0.3 IU/kg/d for 5 d

Saito
Kolstad

1992
2001

3
5

10
11

Major abdominal operation
Laparoscopic cholecystectomy

0.4 IU/kg/d for 6 d
13 IU/m2/d for 3 d

Jensen
Ponting

1998
1988

5
2

12
13

Ileoanal anastomosis with a J pouch
Major gastrointestinal surgery

12 IU/d for 6 d
0.1 mg/kg/d for 7 d

Hammarqvist
Jiang

1992
1989

1
4

14
15

Elective cholecystectomy
Gastrectomy or colectomy

0.3 IU/kg/d for 3 d
0.15 IU/kg/d for 7 d

Mjaaland
Barle

1991
2001

3
1

16
17

Gastrointestinal surgery
Laparoscopic cholecystectomy

24 IU/d for 5 d
12 IU/d for 5 d

Vara-Thorbeck 1
Barry 2

1993
1998

3
4

18
19

Cholecystectomy
Abdominal aortic aneurysm repair

8 IU/d for 7 d
0.3 IU/kg/d for 6 d

Liu
Barry 1

2001
1999

5
3

20
21

Abdominal surgery
Abdominal aortic aneurysm repair

0.3 IU/kg/d for 5 d
0.3 IU/kg/d for 6 d

Kissmeyer-Nielsen
Vara-Thorbeck 2

1999
1996

5
3

22
23

Ileoanal J-pouch surgery
Cholecystectomy

12 IU/d for 6 d
8 IU/d for 7 d

Zhou Y et al. Growth hormone for abdominal surgery
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Table 2 Random effect model of standardized mean difference (95%CI) in improving postoperative nitrogen balance (A) and in reducing the
duration of postoperative fatigue syndrome (C) and weighted mean difference (95%CI) in decreasing the length of hospital stay (B) and in
increasing blood glucose levels (D) with GH as compared with placebo
A
Study

Treatment
n

Treatment
Mean (SD)

Ponting
Jiang

6
9

1.80 (0.40)
-7.10 (3.12)

5
9

Mjaaland
Hammarqvist

9
8

4.10 (1.10)
-2.32 (1.66)

Lehner
Saito

19
18

López
Tacke
Wong
Jenson
Kolstad
Total (95%CI)

Weight
%

SMD (random)
95%CI

-0.90 (0.70)
-32.60 (4.20)

6.23
6.27

4.46 [1.85, 7.07]
6.56 [3.97, 9.16]

10
9

-3.10 (1.80)
-7.09 (0.71)

8.36
8.91

4.55 [2.69, 6.41]
3.63 [1.94, 5.32]

-4.30 (9.60)
-18.00 (3.30)

21
18

-14.80 (3.30)
-185.00 (58.00)

11.94
10.60

1.46 [0.76, 2.17]
3.98 [2.80, 5.15]

9
9

-7.30 (2.80)
-10.00 (2.61)

9
10

-20.70 (4.10)
-20.47 (3.86)

9.09
9.85

3.64 [2.00, 5.27]
3.00 [1.60, 4.40]

8
9

3.00 (0.90)
-47.00 (20.00)

7
10

-1.30 (0.75)
-73.00 (20.00)

7.15
11.12

4.85 [2.59, 7.11]
1.24 [0.24, 2.25]

-3.90 (0.40)

10
118

-5.70 (0.90)

10.49
100.00

2.53 [1.32, 3.73]
3.37 [2.46, 4.27]

11
115

Control
n

Control
Mean (SD)

Test for heterogeneity: x2 = 44.48, df = 10 (P<0.00001), I2 = 77.5%. Test for overall effect: Z = 7.27 (P<0.00001).
B
Study
Barry 2
Liu
Vara-Thorbeck 1
Total (95%CI)

Treatment
n

Treatment
Mean (SD)

8

13.00 (2.00)

10

17.00 (3.00)

17.05

-4.00 [-6.32, -1.68]

10
87

9.70 (1.80)
9.60 (3.60)

10
93

10.50 (1.30)
12.50 (7.10)

48.41
34.54

-0.80 [-2.18, 0.58]
-2.90 [-4.53, -1.27]

100.00

-2.07 [-3.03, -1.11]

105

Control
n

Control
Mean (SD)

113

Weight
%

WMD (fixed)
95%CI

Test for heterogeneity: x2 = 6.93, df = 2 (P= 0.03), I2 = 71.1%. Test for overall effect: Z = 4.24 (P<0.0001).
C
Study
Barry 1

Treatment
n

Treatment
Mean (SD)

Control
n

Control
Mean (SD)

Weight
%

SMD (fixed)
95%CI

7

1.60 (1.20)

10

4.90 (2.20)

21.23

-1.68 [-2.84, -0.52]

Kissmeyer-Nielsen
Vara-Thorbeck 2

9
22

1.37 (0.55)
1.52 (0.43)

10
26

2.73 (2.00)
3.14 (0.75)

31.57
47.20

-0.86 [-1.82, 0.09]
-2.55 [-3.33, -1.77]

Total (95%CI)

38

100.00

-1.83 [-2.37, -1.30]

46

Test for heterogeneity: x2 = 7.32, df = 2 (P = 0.03), I2 = 72.7%. Test for overall effect: Z = 6.72 (P<0.00001).
D
Study
Barle
Hammarqvist
Jiang
Mjaaland
Ponting
Vara-Thorbeck 1
Total (95%CI)

Treatment
n

Treatment
Mean (SD)

Control
n

Control
Mean (SD)

Weight
%

WMD (random)
95%CI

10
8

6.40 (1.00)
5.60 (0.30)

10
9

5.40 (0.50)
4.80 (0.20)

11.98
20.69

1.00 [0.31, 1.69]
0.80 [0.55, 1.05]

9
9

6.17 (0.51)
5.75 (0.43)

9
10

6.06 (0.50)
4.90 (0.30)

16.26
18.94

0.11 [-0.36, 0.58]
0.85 [0.51, 1.19]

6
87

9.40 (0.70)
6.56 (1.02)

5
93

7.20 (0.50)
5.66 (0.71)

11.68
20.46

2.20 [1.49, 2.91]
0.90 [0.64, 1.16]

100.00

0.91 [0.56, 1.25]

129

136

Test for heterogeneity: x2 = 23.97, df = 5 (P = 0.0002), I2 = 79.1%. Test for overall effect: Z = 5.13 (P<0.00001).

DISCUSSION
The results must be interpreted with the difference in patients,
dose or length of treatment, and unexplained heterogeneity.
Clinical heterogeneity in the form of age, etiology and
operation of patients points to the possibility of bias.
This meta-analysis did not show that GH had a positive
effect on improving postoperative nitrogen balance. Eleven
studies involving 233 patients were included. Although there
was a heterogeneity (test for heterogeneity χ 2 = 44.48,
df = 10, P<0.00001), the result was sure. Because all the
11 studies showed that GH had a positive effect on improving
postoperative nitrogen balance with a statistical significance
(minimum of SMD = 1.24, 95%CI [0.24, 2.25]). However,

it seems that different doses had different effects, subgroup
was not used. What attention should be paid to is that some
studies only reported the cumulated nitrogen balance or
the daily nitrogen balance. Further research should be done
to assess the possible best dose.
To date, only three studies involving 218 patients, have
examined whether treatment with GH could influence the
length of hospital stay. The combined results showed that
administration of GH could decrease the length of hospital
stay. The results must be interpreted with caution due to
the small size. Two of three trials[17,18] showed statistically
and clinically significant differences in the length of hospital
stay. So, further trials are required with a sufficient size to
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account for clinical heterogeneity and length of hospital stay.
This meta-analysis showed that administration of GH
could reduce the duration of postoperative fatigue syndrome
after 1 mo. Three studies involving 84 patients were
included. The evidence was not strong due to the small size
and unexplained heterogeneity. It is also important to
recognize that two[20,21] of the RCTs included in this review
were not designed specifically to reduce postoperative fatigue
and provided few or no theoretical rationales as to why the
intervention under study might be expected to attenuate it.
Attempts to assess fatigue objectively by measuring, for
example, physical activity, time taken to return to normal
routine, or involuntary or voluntary muscle force were
problematic because they could be confounded by numerous
factors including pain and anxiety. Much effort has therefore
been devoted to developing short and easy-to-use questionnaires
that could provide some quantification of a patient’s subjective
feeling of fatigue. Future research should ensure that an
adequate measure of subjective fatigue is employed, possibly
in tandem with important objective measures, such as time
taken to return to work.
This meta-analysis did not show that GH might increase
blood glucose levels. Six studies involving 265 patients were
included. Of the six, only the study of Jiang et al.[14], did not
reach a statistical significance (SMD = 0.11, 95%CI [-0.36,
0.58]). Low-dose GH and hypocaloric nutrition may be the
reason. Confirmation of the diabetogenic properties of GH
was made after it was administered in excess to experimental
animals and men. Transgenic animals, which over-expressed
GH, developed insulin resistance, marked hyperinsulinemia,
hyperglycemia, and hypertriglyceridemia in association with
a number of molecular abnormalities[43,44]. Patients with
acromegaly developed insulin resistance and hyperinsulinemia,
while up to 40% became diabetic[45,46]. There is evidence that
insulin resistance caused by GH plays an important role in
the rise of blood glucose. In addition, GH could stimulate
lipolysis with the release of glycerol and non-esterified fatty
acids (NEFA). This provides a further mechanism for the
diabetogenic properties of GH through the effect of NEFA
to increase hepatic glucose output and decrease peripheral
glucose oxidation according to the glucose-fatty acid
cycle [47,48]. In fact, in the study of Berman et al.[23], the GH
group had significantly elevated urine glucose levels
throughout the study period, consistent with the demonstrated
hyperglycemia and only moderately elevated insulin levels.
Treatment with GH did result in hyperglycemia, and two
patients were removed from the study. Hyperglycemia
associated with GH administration could be treated easily
by insulin, especially in long-term GH administration.
Only one RCT[36] conducted an analysis of a multicenter
study with 104 patients undergoing major gastrointestinal
surgery to assess the risk of long-term tumor recurrence
after short-term (5 d) postoperative GH treatment. The
study was a follow-up of a previous randomized study
investigating the effect of three different doses of GH
(0.075, 0.15, and 0.30 IU/kg/d) on the postoperative
cumulative nitrogen balance in patients undergoing major
surgery. Tumors recurred in 20 (35%) patients who were
evaluated for and treated with GH (n = 57). This accounted
for 4 of 17 (23%) patients given 0.075 IU/kg/d of GH, 9
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of 20 (45%) given 0.15 IU/kg/d of GH, and 7 of 20
(35%) given 0.30 IU/kg/d. By comparison, tumors recurred
in 8 of 18 (44%) of patients given placebo. The result of
this study demonstrated that short-term treatment with GH
for 5 d after major gastrointestinal surgery for adenocarcinoma
did not increase the risk of tumor recurrence. But the group
size was too small to further stratify the patients according
to tumor type and tumor stage, so that no information was
gained about the influence of GH dose in certain tumor
stages.
Fluid retention is one of known side effects of GH
administration. The sodium and fluid retaining impact of
GH was demonstrated in humans almost 50 years ago by
Ikkos et al.[49]. Underlying mechanisms of GH-induced fluid
retention are as follows. GH could increase glomerular
filtration rate mediated by insulin-like growth factor (IGFI)[50-52], stimulate the renin-angiotensin-aldosterone system
(RAAS) [53-57] , reduce atrial natriuretic factors [58-61], and
prostaglandins could play a role in GH-induced fluid
retention[62]. In the study of Berman et al.[23], two GH patients
were removed from the study for fluid retention. These
patients were in the immediate postoperative period.
However, whether the fluid retention was a result of surgery
or GH administration could not be determined.
GH should not be given in acute inflammatory
disease states. Findings by Takala et al.[63], pointed to the
immunomodulatory effects of GH. These authors described
higher hospital mortality in a Finish and an European study
on critically ill non-cancer patients. It was proposed that the
higher mortality was due to the application of GH at a later
stage during the inflammatory disease process, leading to
uncontrolled systemic inflammation. However, infection was
not measured in these trials except one[17]. Only one RCT[18]
reported the morbidity and mortality, so we could not draw
a conclusion due to the small size. But there are still four
studies[64-67] awaiting assessment in other languages or we
cannot find the full text.
In conclusion, perioperative GH treatment of patients
undergoing abdominal surgery can improve the postoperative
nitrogen balance, and decrease the length of hospital stay,
and reduce the duration of postoperative fatigue syndrome.
But it might increase blood glucose levels. However, the
evidence is not strong due to the difference in patients, dose
or length of treatment, and unexplained heterogeneity. In
order to examine the effectiveness and safety of perioperative
GH treatment of patients undergoing abdominal surgery,
further trials are required with a sufficient size to account
for the clinical heterogeneity and to measure other important
outcomes such as infection, morbidity, mortality, fluid
retention, immunomodulatory effects, and tumor recurrence.
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Abstract
AIM: To investigate the autofluorescence spectroscopic
differences in normal and adenomatous colonic tissues
and to determine the optimal excitation wavelengths for
subsequent study and clinical application.
METHODS: Normal and adenomatous colonic tissues
were obtained from patients during surgery. A FL/FS920
combined TCSPC spectrofluorimeter and a lifetime spectrometer system were used for fluorescence measurement.
Fluorescence excitation wavelengths varying from 260 to
540 nm were used to induce the autofluorescence spectra,
and the corresponding emission spectra were recorded
from a range starting 20 nm above the excitation wavelength
and extending to 800 nm. Emission spectra were assembled
into a three-dimensional fluorescence spectroscopy and
an excitation-emission matrix (EEM) to exploit endogenous
fluorophores and diagnostic information. Then emission
spectra of normal and adenomatous colonic tissues at certain
excitation wavelengths were compared to determine the
optimal excitation wavelengths for diagnosis of colonic cancer.
RESULTS: When compared to normal tissues, low NAD
(P)H and FAD, but high amino acids and endogenous
phorphyrins of protoporphyrin IX characterized the highgrade malignant colonic tissues. The optimal excitation
wavelengths for diagnosis of colonic cancer were about
340, 380, 460, and 540 nm.
CONCLUSION: Significant differences in autofluorescence
peaks and its intensities can be observed in normal and
adenomatous colonic tissues. Autofluorescence EEMs are
able to identify colonic tissues.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Colonic cancer is an important public health concern in
industrialized countries and around the world. Diagnosis
and localization of early carcinoma play an important role
in the prevention and curative treatment of colonic cancer.
However, physical biopsies do not fully solve this problem
because they are sampled at random locations, which is
highly dependent on the skill and experience of the investigator.
As a result, a significant number of lesions, especially the
carcinoma in situ lesions, are not sampled and subsequently
diagnosed[1,2]. Laser-induced autofluorescence depends on
endogenous fluorophores in the biological tissue, which
undergoes a change related to malignant transformations.
Therefore, it is possible for us to develop more sensitive
techniques for the detection of early colonic tissue. During
the past two decades, autofluorescence spectroscopy has
been investigated as an effective and noninvasive method
for detecting and imaging the abnormal tissues from the
surrounding normal tissues.
Measurement of three-dimensional fluorescence
spectroscopy or fluorescence excitation-emission matrices
(EEMs) for tissue samples in vitro is a crucial step to exploit
the endogenous fluorophores and determine which
excitation wavelengths contain the most diagnostic
information for clinical diagnostic analysis[3-6]. However, an
important limitation of most studies on the autofluorescence
diagnosis of colonic cancer is that the selection of excitation
wavelengths is based on the availability of a special light
source, and few studies have been done to understand the
real reasons responsible for the spectral differences[6-9]. In
this study, we conducted the measurement of autofluorescence
EEMs in order to investigate the spectroscopic differences
in normal and adenomatous colonic tissues, and to further
determine the optimal excitation wavelengths. It is hoped
that information from this investigation may be useful for
subsequent studies and clinical diagnosis.
MA
TERIALS AND METHODS
MATERIALS
Adenomatous colonic tissues (n = 5) were obtained from
four patients during surgery for malignant tumors of the
colon, and normal tissue sample (n = 4, matched controls)
was also collected from the same patient. Each tissue sample
was cut into two specimens. One specimen was sent to the
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pathologist for standard histopathological evaluation, the
other unstained and unfixed specimen was placed on a nonfluorescence quartz substrate for laser-induced autofluorescence
within 2 h after surgical resection.
Autofluorescence EEM was performed using a FL/
FS920 combined TCSPC spectrofluorimeter and a lifetime
spectrometer system (Edinburgh Instruments Ltd, UK). The
wavelength-selected excitation light onto the sample with a
60° incident angle and fluorescence emission was collected
at 45° with respect to the normal quartz substrate in order
to minimize the detection of the backscattered excitation
light. The slit sizes of excitation and emission monochromator
were 1.5 and 0.5 mm, respectively. The wavelength
dependence of the excitation power and the detector
response was corrected and calibrated for all emission
spectra. Fluorescence EEMs were recorded by measuring
the fluorescence emission spectra over a range of excitation
wavelengths. The excitation wavelengths varied from 260
to 540 nm in 20-nm increments. At each excitation wavelength,
the fluorescence emission spectra were recorded from a
range starting 20 nm above the excitation wavelength and
extending to 800 nm at 5-nm intervals. These wavelength
ranges enabled characterization of all endogenous
fluorophores, tryptophan, collagen, and elastin, NAD(P)H,
FAD and endogenous phorphyrins, present in tissues in the
UV-Vis spectrum[10,11]. This resulted in a total measurement
time about 25 min for each EEM. After each measurement,
a repeat fluorescence spectrum was measured at 260 nm
excitation and compared to that measured at the beginning
of the experiment to confirm that the measurement protocol
used did not induce photobleaching. Fluorescence data from
each single measurement were then combined to construct
EEM containing fluorescence intensity as a function of
both excitation and emission wavelengths.
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RESUL
TS
RESULTS
No significant differences were observed in the autofluorescence spectra of normal and cancerous tissues. However,
remarkable differences in fluorescence peaks and intensities
were detected between normal and adenomatous tissue from
the same patient. The representative three-dimensional
autofluorescence spectra for the normal colonic tissue and
adenomatous colonic tissue are shown in Figures 1A and B,
respectively. The relative fluorescence intensity was recorded
as a function of both excitation and emission wavelengths.
Although the fluorescence intensities were indicated in
arbitrary units, the same experimental set-ups were maintained
throughout our measurements for comparison.
The corresponding autofluorescence EEMs for normal
and adenomatous colonic tissue are displayed in Figures 2A
and B, respectively. The colorized scale represents different
fluorescence intensities. The plots are shown on a log
contour scale, where each contour connects points of equal
fluorescence intensity.
In the case of autofluorescence EEM for normal colonic
tissue in Figure 2A, the primary fluorescence peaks occurred
at the excitation-emission wavelength pairs of 280-330,
350-480, 350/460-605, and 460-520 nm. According to the
previous studies, these fluorescence peaks were attributed to
the amino acids tryptophan and tyrosine, reduced nicotinamide
adenine dinucleotide (NADH) or reduced nicotinamide
adenine dinucleotide phosphate (NADPH), ceroid and
flavin adenine dinucleotide (FAD), respectively [10,12] .
Adenomatous tissues exhibited emission peaks at 635 and
710 nm (Figure 2B) that were not observed in the emission
spectra of normal colonic tissues. These remarkable peaks
were the contribution of naturally occurring high endogenous
phorphyrins of protoporphyrin IX in cancerous tissues[13-15].
Furthermore, the emission intensity from tryptophan and
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Figure 1 Three-dimensional autofluorescence spectra for normal colonic tissue
(A) and adenomatous colonic tissue (B).
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Figure 2 Autofluorescence EEMs for normal colonic tissue (A) and adenomatous
colonic tissue (B).
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tyrosine was more intense in cancerous tissue than in normal
tissue EEM. However, the endogenous fluorescence near
500 nm reduced in tumor tissues relative to normal colonic
tissues. The differences might lie in the decrease of the
oxidized forms of flavins and the relative amount of NAD
(P)H in malignant tissues. As a result, low NAD(P)H and
FAD but high amino acids and protoporphyrin IX accumulated
in the human colonic malignancy. An evaluation of the
average fluorescence spectrum at 260 nm excitation
collected at the end of each EEM indicated that its peak
fluorescence intensity was within 8% of that acquired at
the beginning of each EEM. This means that minimal
photobleaching occurred during the process of the 25-min
EEM measurement.
In order to further determine the optimized excitation
wavelengths for the diagnosis of colonic cancer, autofluorescence emission spectra at certain excitation wavelengths
of 280, 340, 380, 460, and 540 nm for normal and
adenomatous colonic tissues were compared in Figure 3,
respectively. The greatest spectroscopic differences could
be achieved for diagnosis of colonic cancer when the
excitation wavelengths were 340, 380, 460, and 540 nm. In
particular, the emission from endogenous phorphyrins of
protoporphyrin IX demonstrably characterized the
autofluorescence spectroscopy of cancerous tissues when
the excitation wavelength was higher than 380 nm.

differences could be attributed to the differences in
fluorophores expression. The endogenous fluorophores that
are speculated to cancerous transformations are the amino
acids tryptophan and tyrosine, the structural proteins collagen
and elastin, the coenzymes NAD(P)H and FAD, and
phorphyrins[12].
Our results indicate that the fluorescence intensity of
the amino acids tryptophan and tyrosine is dominant in both
normal and cancerous colonic tissues at 280 nm excitation,
which demonstrates the fact that amino acids are the basic
structural units of protein and play an important role in
biological tissues. These results also agree well with those
of Pradhan et al.[16], who suggested that there is an increase
in tryptophan as cells progress from normal to cancerous
state. Secondly, we observed that the intensity in the blue
region of the autofluorescence spectra significantly reduced
in adenomatous colonic tissues compared to normal tissues,
which is in substantial agreement with the early work
showing that the concentration of NADH and NADPH in
adenomatous tissues is lower than that in normal tissues[6,7].
Moreover, Anidjar et al.[17], have demonstrated a decrease
of FDA in cancerous tissues, which is proved in our
research. However, Georgakoudi et al.[18] and Drezek et al.[19],
suggested that low collagen and high NAD(P)H fluorescence
characterize the high-grade dysplastic lesions when compared
to nondysplastic cervix tissues. It is possible that the
differences in NAD(P)H fluorescence may be due to
different colonic and cervix tissues and the comparable
measurements should be carried out for further confirmation.
In addition, it should be noted that the emission specific
peaks from collagen and elastin were not shown in our tissue
EEMs except for one case, suggesting that the increments
of excitation wavelength should be limited to 10 nm in
order to exploit the emission fluorescence from structural
proteins collagen and elastin. Bottiroli et al.[7], have observed

DISCUSSION
In this study, autofluorescence EEMs were measured using
a standard spectrofluorimeter to determine the location of
the endogenous fluorescent peaks and their relative intensity
in normal and adenomatous colonic tissues. We observed
significant differences in the autofluorescence spectra of
normal tissues and adenomatous colonic tissues, and these
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a red fluorescence in some parts of tissue section from a
cancerous colon. The red fluorescence has been reported
by Moesta et al.[13], and also demonstrated in this investigation,
which can be definitely attributed to high endogenous
phorphyrins of protoporphyrin IX accumulating naturally
in colonic cancer.
In summary, the presence or absence of fluorescence
peaks in both normal and adenomatous colonic tissues can
be explained by the different endogenous fluorophores to
generate autofluorescence signals, and the ability of laserinduced autofluorescence EEMs to distinguish normal from
cancerous colonic tissues. The present investigation offers
evidence that low NAD(P)H and FAD but high amino acids
and protoporphyrin IX characterize the high-grade malignant
colonic tissues. Based on our results, the optimal excitation
wavelengths for diagnosis of colonic cancer are 340, 380,
460, and 540 nm.
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Abstract
AIM: To evaluate the effects of dietary fiber (DF) as a part
of enteral nutrition (EN) formula on diarrhea, infection, and
length of hospital stay.
METHODS: Following electronic databases were searched
for randomized controlled trials about DF: Chinese Biomedicine
Database (CBM), MEDLINE, EMBASE and Cochrane Controlled
Trials Register. RevMan 4.1 was used for statistical analysis.
RESULTS: Seven randomized controlled trials with 400
pat-ients were included. The supplement of DF in EN was
compared with standard enteral formula in five trials.
Combined analysis did not show a significant reduction in
occurrence of diarrhea, but there were valuable results
for non-critically ill patients. Combined analysis of two
trials observing the infection also did not show any valid
evidence that DF could decrease the infection rate, though
the length of hospital stay was reduced significantly.
CONCLUSION: Based on the current eligible randomized
controlled trials, there is no evidence that the value of DF
in the diarrhea can be proved. Though length of hospital stay
was shortened by the use of DF, there is no available evidence
in preventing infection by DF. Further studies are needed
for evaluating the value of DF in EN.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Dietary fiber (DF) is a category of carbohydrates that cannot
be ingested by endogenic digestive enzymes in human body[1].

Nevertheless, DF can be fermented into methane, hydrogen,
CO2, and short-chain fatty acid (SCFA) by bowel microflorae.
SCFA, a primary important energy substance for colonal
mucosal epithelium, is essential to maintain the metabolism
and regeneration of epithelia, protect the structure and function,
promote absorption of water and sodium, and regulate the
function of bowel[2-6]. Recent studies also suggest that SCFA
can protect the intestinal barrier and prevent bacterial translocation[7-9]. So DF has been widely recommended as an essential
component of enteral nutrition (EN) in the last 20 years[10-13].
It is believed that DF may play an important role in controlling
diarrhea associated with EN, improving restoration of bowel
function, reducing infection and improving prognosis of
critically ill patients[14-18]. But the conclusions of existing trials
are controversial. The practical value of DF in clinical EN
lacks evidence. This review is to evaluate the value of DF
in clinical EN with the method of meta-analysis and to seek
the best evidence for clinical EN.

MA
TERIALS AND METHODS
MATERIALS
Data extraction and outcomes
We searched the following electronic databases for eligible
trials: PubMed (from January 1980 to January 2003),
EMBASE (from January 1989 to December 2002),
Cochrane Controlled Trials Register and Chinese
Biomedicine Database (from 1980 to 2002). The searching
words were dietary fiber and enteral nutrition. Languages
were restricted to English and Chinese.
The criteria were open or blind randomized studies. Patients
were randomly allocated into receiving EN emented with
DF or EN without DF, regardless of the type of DF.
Assessment of methodological quality
The assessment of methodological quality was undertaken
by two of the authors independently, differences in assessment
were solved by consensus. From each study, data were extracted
on the type of patients, the method of administration of
EN. Outcomes were the occurrence of diarrhea, infection
of any type and length of hospital stay.
Jadad score and allocation concealment were adopted
to evaluate the methodological quality of each trial: 0 for
non-randomized controlled trials, 1-2 scores for poor-quality
trials and 3-5 scores for high-quality trials. The concealment
of allocation also was divided into three grades: A for adequate
concealment, B for unclear concealment, C for inadequate
concealment.
Analysis
RevMan 4.1 software supplied by Cochrane Collaboration
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was used. The effect size of categorical variables was odds
ratio (OR). For numerical variables, if the unit was identical,
weighed mean difference (WMD) was used, and standardized
mean difference was used when the unit was different. The
homogeneity of adopted trials was tested before meta-analysis.
If the heterogeneity had no statistical significant difference,
a fixed effect model was used during meta-analysis. In contrast,
we used a random effect model and subgroup analysis. Sensitivity
analysis was also proceeded after the non-blinded, inadequate
concealed trials were excluded.

RESUL
TS
RESULTS
Characteristics of trials and patients
Eight hundred and eleven papers were obtained by searching
the databases, 587 in English, 224 in Chinese. Seventeen trials,
all in English, were identified for further evaluation after
the title and abstract were read. Seven measured up to the
criteria and were included[19-25]. There were no repetitive
studies and meta-analysis. Seven of the 17 included trials,
three were conducted in Germany[19,20,24], one in USA[22],
one in Australia[25], one in Belgium[21] and Singapore[23]. Two
included critically ill patients[22,25], three included postoperative
patients[19,20,23], one included sepsis[21] and the other included
a variety of diseases[24]. The earliest study was published in
1990[25], all were published in the past 14 years.
Methodological quality of trials
Of the seven trials, three were of a high quality (one had five
scores according to Jadad, one had four scores, one had three
scores), the other four were of a poor quality. Computerized
random number was used in two trials, sealed envelopes in
two, no randomization method in three. Four trials were
double-blinded. The baselines of included subjects were
compared in all studies, and no statistically significant differences
existed. Table 1 gives the details of the seven trials.

July 7, 2005

Volume 11

Number 25

Outcomes
Effect of DF on diarrhea in EN The occurrence of
diarrhea in 276 patients receiving EN supplemented with
or without DF was observed in five trials. There was no
heterogeneity (P = 0.087) and fixed effect model was used.
The combined OR was 0.61, 96% confidence interval was
from 0.36 to 1.05 (P = 0.07) (Table 2). Subgroup analysis
of two trials on uncritically ill patients showed that the
combined OR was 0.33 (from 0.13 to 0.87, P = 0.03).
Effect of DF on infection The risk of infection was reported
in two trials. The types of infection included pneumonia, sepsis,
abdominal infection, urinary infection and incision infection.
Two trials had homogeneity. Combined OR was 0.44 when
the fixed effect model was used (0.20-1.00, P = 0.05).
Effect of DF on length of hospital stay Three trials reported
the length of hospital stay of 124 postoperative patients. Among
the three trials, one was excluded because it did not supply
the standard deviation. Two adopted trials had homo-geneity,
combined WMD was -2.85 (from -3.76 to -1.93, P<0.00001).
Sensitivity analysis
Three high-quality trials on diarrhea of 160 cases in EN
were included. There was no heterogeneity among them
(P = 0.069). Combined OR was 0.83 (0.43-1.60, P = 0.6). The
result was identical with the previous analysis (Table 3).
Sensitivity analysis was abandoned for the quality of trials
about infection and length of hospital stay was poor.

DISCUSSION
Diarrhea is the most frequent complication in EN. Infusion
speed, temperature, osmolality, bacterial contamination, hypoalbuminemia and antibiotics may play a part in diarrhea[26].
Laboratory studies suggested that DF and SCFA, fermentation
products of DF, were able to improve the rhythm of bowel
peristalsis, promote absorption of water and sodium, and

Table 1 Characteristics of RCTs about EN supplemented with DF
Number of patients
(intervention/control)

Methodological
quality

Schultz 2000
Dobb 1990

44(22/22)
91(45/46)

C: A J: 5
C: B J: 4

Critically ill
Critically ill

6/7
16/13

NR
NR

NR
NR

Spapen 2001
Rayes 2002

25(13/12)
64(32/32)

C: A J: 3
C: B J: 2

Sepsis
Liver transplantation

6/11
NR

NR
11/15

NR
36±2.7/39±0.5

60(30/30)
100(50/50)

C: B J: 2
C: B J: 2

Abdominal surgery
Inpatients

NR
6/15

3/9
NR

15±7.4/16±5.5
NR

C: B J: 2

Postoperative

1/2

NR

NR

Rayes 2002(2)
Homann 1994
Khalil 1998

16(8/8)

Patients

Diarrhea

Infection

Days of hospital
stay (mean±SD)

C = concealment of allocation; J = Jadad score; NR = not reported.

Table 2 Effect of EN with DF on diarrhea
Study
Dobb 1990
Homann 1994
Khalil 1998
Schultz 2000
Spapen 2001
Total(95%CI)

Favors DFsupplement n/N
16/45
6/50
1/8
6/22
6/13
35/138

Favors DFfree n/N
13/46
15/50
2/8
7/22
11/12
48/138

Test for heterogeneity chi-square = 8.13, df = 4, P = 0.087; Test for overall effect z = -1.79, P = 0.07.

Weight
%

OR
(95%CI fixed)

24.0
38.3
5.1
14.8
17.9
100.0

1.40 [0.58,3.40]
0.32 [0.11,0.91]
0.43 [0.03,5.99]
0.80 [0.22,2.94]
0.08 [0.01,0.79]
0.61 [0.36,1.05]
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Table 3 Sensitivity-analysis of effects of EN with DF on diarrhea
Study

Favors DFsupplement n/N

Favors DF-free
n/N

Weight
%

OR
(95%CI fixed)

Dobb 1990

16/45

13/46

24.0

1.40 [0.58,3.40]

Schultz 2000
Spapen 2001

6/22
6/13

7/22
11/12

14.8
17.9

0.80 [0.22,2.94]
0.08 [0.01,0.79]

Total(95%CI)

28/80

31/80

100.0

0.83 [0.43,1.60]

Test for heterogeneity χ2 = 5.34, df = 2, P = 0.069, Test for overall effect z = -0.56,
P = 0.6.

regulate the inhibitor feedback mechanism[27-31]. Accordingly,
DF may have potentials beneficial to controlling diarrhea
in EN[32-35]. But the existing clinical trials did not show
identical results, so strict evaluation is essential. The occurrence
of diarrhea in trials adopted in this review was 30.01%,
combined OR was 0.61, 95% confidence interval was from
0.36 to 1.05 (Z = -1.79, P = 0.07). The difference was not
statistically significant. Subgroup analysis revealed that DF
was beneficial to diarrhea in non-critically ill patients but
uncertain in critically ill patients. Critically ill patients were
apt to complicate severe hypoalbuminemia and superinfection,
which could lead to refractory diarrhea[34,35]. In the review,
diarrhea occurred in 34.78% of critically ill patients, far
higher than that in the non-critical patients (20.69%).
Diarrhea diagnosis is lack of objective criteria. Three trials
in the review adopted Hatt and Dobb diarrhea score, which
records defecation by volume and consistency. Diarrhea was
defined as the scores more than 12. This score was convenient
to compare different trials.
High attention has been paid to intestinal bacterial translocation leading to a considerable amount of infections. A
series of animal experiments suggested that DF could effectively
reduce the intestinal bacterial translocation in stress status[36].
The mechanism remains unclear. DF is able to maintain the
structure and function of epithelia, regulate immunological
reactions, promote secretion of IgA and mucus, all these
may play a role in diarrhea[37-39]. Administration of DF can
reduce the infection theoretically. However, analysis of the
seven trials failed to show the anticipated results (combined
OR 0.44, P = 0.05). The review suggests that DF could
significantly shorten the length of hospital stay of patients
who had undergone liver transplantation or abdominal surgery.
There is little evidence from these trials that DF is beneficial
to diarrhea and infection of critically ill patients. It is necessary
to design more large size and high-quality randomized
controlled trials. The effect of DF on a variety of patients
should also be further studied.
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Abstract
AIM: To introduce the American Pittsburgh’s method of
rapid liver procurement under the condition of brain death
and factors influencing the quality of donor liver.
METHODS: To analyze 32 cases of allograft liver procurement
retrospectively and observe the clinical outcome of orthotopic
liver transplantation.
RESULTS: Average age of donors was 38.24±12.78 years,
with a male:female ratio of 23:9. The causes of brain
death included 21 cases of trauma (65.63%) and nine
cases of cerebrovascular accident (28.13%). Fourteen
grafts (43.75%) had hepatic arterial anomalies, seven
cases only right hepatic arterial anomalies (21.88%), five
cases only left hepatic arterial anomalies (15.63%) and
two cases of both right and left hepatic arterial anomalies
(6.25%) among them. Eight cases (57.14%) of hepatic
arterial anomalies required arterial reconstruction prior
to transplantation. Of the 32 grafts evaluated for early
function, 27 (84.38%) functioned well, whereas three
(9.38%) functioned poorly and two (6.25%) failed to
function at all. Only one recipient died after transplantation
and thirty-one recipients recovered. Four recipients needed
retransplantation. The variables associated with less
than optimal function of the graft consisted of donor age
(35.6±12.9 years vs 54.1±4.3 years, P<0.05), duration
of donor’s stay in the intensive care unit (ICU) (3.5±2.4 d
vs 7.4±2.1 d, P<0.005), abnormal graft appearance
(19.0% vs 100%, P<0.05), and such recipient problems
as vascular thromboses during or immediately following
transplantation (89.3% vs 50.0%, P<0.005).
CONCLUSION: During liver procurement, complete
heparization, perfusion in situ with localized low temperature
and standard technique procedures are the basis ensuring
the quality of the graft. The hepatic arterial anomalies
should be taken care of to avoid injury. The donor age,
duration of donor’s staying in ICU, abnormal graft appearance
and recipient problem are important factors influencing
the quality of the liver graft.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Enormous progress including surgical techniques has been
achieved since the first orthotopic liver transplantation
(OLTx) was performed in humans in 1963 and OLTx has
established its role as a therapeutic option for patients with
end-stage liver disease. Primary graft nonfunction (PGN)
remains a dreadful complication of OLTx, one that is
associated with a high mortality and morbidity, and therefore
liver allograft with good function is the most important point
for ensuring the success of liver transplantation. A single
donor surgeon’s experience procuring the livers from 32
donors in Pittsburgh Transplant Center is analyzed in order
to identify the role of a number of variables pertinent to
the clinical outcome of OLTx.
MA
TERIALS AND METHODS
MATERIALS
Donor data
The author performed 32 allograft hepatectomies at the
University of Pittsburgh Transplant Center. All donors were
brain dead and the age of the donors varied from 12 to
63 years with the average of 38.24±12.78 years. Among
them, there were 23 male donors and 9 female donors.
Table 1 lists the causes of death of the donors.

Table 1 Causes of brain death among 32 liver donors
Cause
Trauma
Motor vehicle accident
Gunshot wound
Fall
Other
Cerebrovascular accident
Cerebral infarct
Subarachnoid hemorrhage
Others
Total

n (%)
21 (65.63)
16
1
2
2
9 (28.13)
6
3
2 (6.24)
32 (100)

Donor selection criteria
In general, donors were selected who were less than 65 years
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of age, had no history of liver disease such as hepatitis or
alcoholism, and a total serum bilirubin less than 34 µmol/L,
normal or near-normal alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase
(AKP), γ-glutathione transferase (γ-GT) and prothrombin
time (PT), and adequate arterial blood gas. Elevations of
ALT, AST, AKP and γ-GT, with a tendency to decline, were
not regarded as a contraindication for donation of the liver.
Donor maintenance
Donors were fluid-resuscitated once they had been pronounced
brain dead in order to maintain a central venous pressure
of 8-10 cm H2O and urine output over 1 mL/(kg h) as a
guide. For donors receiving vasopressin for diabetes
insipidus, the vasopressin was discontinued as soon as
possible to avoid liver ischemia secondary to a decreased
splanchnic blood flow. Urine output was replaced vigorously
with intravenous fluids, usually one-half or quarter normal
saline solution with potassium chloride. Electrolytes were
checked frequently, especially to correct hypokalemia.
Normothermia was maintained with a thermoblanket.
Blood was transfused to maintain the hematocrit above 30%
in order to maintain adequate oxygen delivery to the tissues.
Operative technique
The technique of allograft hepatectomy involved both rapid
perfusion and modified rapid perfusion[1-3]. Rapid perfusion
technique is as follows. Briefly, both the terminal aorta and
the inferior mesenteric vein were dissected to insert aortic
and portal perfusion cannulae. The supraceliac abdominal
aorta was encircled and crossclamped. Following cardiectomy,
dissection of liver hilum was performed in a bloodless
field [4,5]. Following identification of whether or not an
aberrant right hepatic artery (HA) originating from superior
mesenteric artery (SMA) in the retropancreatic portion, the
right side of the SMA was dissected toward the aorta. A
Carrel patch of aorta was excised, with care not to injure
the origin of the renal arteries. This has been our preferred
method of hepatectomy in unstable donors, or in cases of
extreme urgency when the recipient is in fulminant liver
failure due to fulminant hepatitis or graft nonfunction
following OLTx. Modified rapid perfusion technique differs
from the rapid perfusion technique in that dissection of
the liver hilum occurs prior to crossclamping of the aorta
and cannulation of the distal splenic vein with a larger caliber
catheter for a quicker portal perfusion. This preliminary
dissection allows more selective and rapid cooling of the
liver than does the rapid perfusion technique. These
additional preparatory steps required 30-45 min. This
technique has been our choice for stable donors and for
donors whose livers are of a questionable quality. During
the preparatory dissection, changes in the color or consistency
of the allograft were observed in response to diuresis, or
better oxygenation.
Technique of vascular reconstruction for arterial anomalies
Arterial reconstruction of the liver graft is required prior
to transplantation and is very pivotal if a common arterial
channel is absent due to an anomaly. The most common
arterial anomaly requiring reconstruction was the aberrant
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right HA arising from the SMA, for which an end-to-end
anastomosis was performed between the distal donor splenic
artery and the proximal aberrant right HA. This was achieved
with a Carrel patch of the SMA, obviating a small caliber
anastomosis [6]. Care was taken to avoid an inadvertent
anastomosis with rotation. The continuous suture technique
with 8-0 monofilament polypropylene (Prolene) was used
for the reconstruction. Just before the sutures were tied,
the reconstructed HA was allowed to distend by pulsatile
infusion of cold solution. With the application of “growth
factor” principle to the ex vivo condition, this method
facilitated migration of Prolene sutures into the anastomosis
and allowed secure anastomosis without leakage or stricture.
Classification of early graft function
Early graft function was divided into four grades as good,
fair, poor and PGN. Good meant AST<1 500 IU/L, ALT
<1 000 IU/L and fresh frozen plasma (FFP) was not
necessary. Fair meant AST 1 500-3 500 IU/L, ALT 1 0002 500 IU/L and FFP was not required. Poor meant AST>
3 500 IU/L, ALT>2 500 IU/L and FFP was required.
PGN was defined as the inability of graft to sustain the
metabolic homeostasis of the recipient during the first
postoperative week, presenting with the clinical manifestations
of grade III or IV coma, coagulopathy with prothrombin
time over 20 s, high ALT and AST values, renal failure, and
progressive or persistent hyperbilirubinemia, resulting in
retransplantation of the graft or death of the recipient.
Statistical analysis
Student’s t and χ2 tests were used for the statistical evaluation
of the data.

RESUL
TS
RESULTS
Vascular anomalies
Table 2 lists the incidence of hepatic arterial anomalies and
various methods of arterial reconstruction. Hepatic arterial
anomalies were present in 14 grafts (43.75%): the aberrant
right HA in seven (21.88%), the aberrant left HA in five
(15.63%), and both aberrant right and left hepatic arteries
in two grafts (6.25%). Of these, eight grafts (57.14%)
required vascular reconstruction at the back table in order
to construct a common arterial channel, and one of the
anastomoses constructed at the back table required the
revision due to rotation.
Table 2 Vascular reconstruction for hepatic arterial anomalies
Anomaly
Aberrant RHA
From SMA
From aorta
Aberrant LHA
From CA
From aorta
Aberrant RHA and LHA
RHA from SMA
LHA from CA
Total

n (%)
7 (21.88)
6
1
5 (15.63)
3
2
2 (6.25)
1
1
14 (43.75)

Method of reconstruction (n)

Donor SpA to aberrant RHA (4)
Donor SpA to aberrant RHA (1)

Donor SpA to PHA (1)
Donor SpA to RHA (1)
CA to distal SMA (1)

RHA: right hepatic artery; SMA: superior mesenteric artery; SpA: splenic artery;
LHA: left hepatic artery; CA: celiac axis, PHA: proper hepatic artery.
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Injury of hepatic artery
A total of four complications (6.25%) occurred during or
after allograft hepatectomy due to aberrant HA: inadvertent
transection of the aberrant right HA, once originating
directly from the aorta and once from the left side of the
SMA. The transected aberrant right hepatic arteries were
reconstructed using end-to-end anastomosis with the donor
splenic artery with interrupted 8-0 Prolene sutures. Overall,
none of the complications affected the outcome of the
liver or other organ recipients.
Early graft function
Table 3 lists the early graft function of the 32 allografts
after OLTx. Graft function was good or fair in 25 out of
28 (89.3%) of the grafts without recipient problems,
whereas as many as two out of four (50%) of the grafts
with recipient problems during or immediately following
OLTx exhibited poor or nonfunction (P<0.005; χ2 = 12.96).
This was due to HA thrombosis and multi-organ failure
and meanwhile HA thrombosis was caused not by HA
anomaly during allograft procurement but by HA
reconstruction. Table 4 shows the correlation between the
donor or graft variables and the early graft function of the
28 grafts that survived the operation and did not develop
the aforementioned recipient complications during or

Table 3 Early graft function after orthotopic liver transplantation
Early graft function
Good

Number of recipient problems
No (%)

Yes1 (%)

Total (%)

1 (25)

22 (68.75)

21 (75)

Fair

4 (14.29)

1 (25)

5 (14.29)

Poor

2 (7.14)

1 (25)

3 (9.38)

PGN

1 (3.57)

1 (25)

2 (6.25)

Total

28 (100)

4 (100)

32 (100)

1

Including hepatic artery thrombosis in one patient, intraoperative incidence
from severe hemorrhage in two patients, and multi-organ failure in one patient.

Table 4 Correlation between donor or graft variables and early
graft function
Variable

Good (n = 21)

Fair (n = 4)

Poor (n = 2)

Age (yr)

54.1±4.3

35.6±12.9

43.5±13.8

Sex ( M:F )

15:6

2:2

AST(IU/L)

76.4±23.6

ALT(IU/L)

43.2±26.1

T. Bil (µmol/L)

PGN (n = 1)
63

2:0

1:0

63.3±37.1

89.2±42.1

151

69.8±34.9

68.1±31.2

78.1

12.5±3.4

14.5±7.4

11.8±7.9

20.5

PT(s)

15.2±1.4

14.8±1.2

14.2±1.6

15.5

CPR

4 (19.0%)

2 (50%)

ICU stay (d)
High dose

3.5±2.4

6.2±3.3

7.4±2.1

12

8 (38.1%)

2 (50%)

1 (50%)

0

4 (19.0%)

1 (25%)

2 (100%)

1 (100%)

379±128

421±183

389±214

402±103

vasopressors
Abnormal
graft appearance
CIT (min)

CIT: cold ischemia time; T. Bil: total bilirubin; CPR: cardiopulmonary resuscitation.

immediately following OLTx. A statistically significant
difference was noticed in the duration of patient’s stay in
ICU, requirement of cardiopulmonary resuscitation and
the presence of abnormal graft appearance (P<0.05).The
donors of grafts with fair or poor function stayed in ICU
longer than those with good function (P<0.005), and the
grafts with abnormal appearance were associated with a
higher incidence of fair or poor graft function in recipients
(P<0.05; χ 2 = 6.21). The donors of graft with poor or
nonfunction were significantly older than those with good
or fair function and there was no significant difference
between good and fair groups. On the other hand, no
definitive correlation with early graft function was observed
in sex, results of liver function tests, infusion of high-dose
vasopressors and cold ischemia time.
Recipient survival
Of the 32 patients who received liver allografts, 27 patients
recovered and remained alive and well after first liver
transplantation, four patients needed retransplantation and
all were discharged. One patient died of multi-organ failure
in one month after transplantation due to primary graft
nonfunction.

DISCUSSION
Early graft function is very closely associated with donor
age, duration of patient’s stay in ICU and the presence of
abnormal graft appearance. The effect of increased donor
age on the outcome of OLTx remains controversial [7,8].
Previously the upper limit of donor age was 50 years. As
gradual accumulation of experience of clinical OLTx, now
some transplant centers elevate the upper limit of donor
age to 65 years. But we suggest that the donor age should
be limited to below 60 years, or allograft dysfunction or
non-function would easily appear and increase mortality[9].
When the appearance of the liver has changes in color,
blunt edge and anomalous nodulae, it is necessary for frozen
pathological examination before transplantation. Steatosis
is the most important cause of PGN. The comparatively
simple differentiating method is that white four-by being
put into the container will turn into pale yellowish after
several minutes and this will suggest that the degree of fat
infiltrating liver tissue will be over 30%, however, pathological
examination to evaluate the degree of fatty infiltration is
the most reliable method. As to the hemodynamic stability
of the donor, hypotension or the requirement of high-dose
dopamine has been associated with nonfunction or delayed
function, respectively. Although no obvious harmful effects
of cardiopulmonary resuscitation on the early function of
the liver allograft were demonstrated in this study,
suboptimal perfusion of the liver and warm ischemic injury
were strongly suggested. As to the abnormal appearance
of the graft, little is known about the correlation between
gross appearance and quality of the graft. Livers from
donors with diabetes insipidus, who have been on vasopressin
for a prolonged period of time, are often firm and suggest
the presence of ischemic injury and liver allograft will be
harder to touch. Since the use of vasopressin has been
associated with a marked reduction in the blood flow to the
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liver, donors scheduled for liver procurement should stop
vasopressin as soon as possible in order to minimize ischemic
damage. Overhydration can distend the liver by an increase
in central venous pressure and give a false impression as to
the consistency of the liver. If the liver is distended from
overhydration, the administration of intravenous diuretics
can be used immediately.
As far as now, there have been two methods for
procurement of liver allografts including aortic perfusion
only (APO)[10] and aortic and portal perfusion (APP). Due
to shortage of donors, most American transplantation
centers adopt multi-organ procurement, which means APO
is the sole choice. The experience of Pittsburgh is that APO
has no harm to allograft liver and its advantage is simple
surgical procedure compared with APP [11], meanwhile,
superior mesenteric vein need not be exposed and therefore
it reduces the separation and division of tissue. If RHA
originates from superior mesenteric artery, the unexposition
of superior mesenteric vein might avoid injuring aberrant
right hepatic artery and ischemic injury of splenic organ
due to arterial spasm by surgical procedure[12-14].
The aberrant hepatic artery is very common; the aberrant
rate was as high as 43.75% in our group. The right hepatic
artery originating from SMA is the most common[15]. In
order to avoid injuring hepatic artery, it is very important
to decide by touch whether or not there are pulses behind
hepatoduodenal ligament before the abdominal aorta is
clamped in the process of procurement of allograft liver.
Even if there is no pulse, it could not exclude aberrant
right hepatic artery. So routinary division of the right side
of SMA can often protect aberrant right hepatic artery
before dissection of hepatoduodenal ligament. Once there
exist the injuries of aberrant hepatic arteries, several aspects
should be noticed in the process of the reconstruction of
hepatic arteries as follows: (1) the inner membrane of
hepatic artery should not be dragged; (2) it is achieved with
Carrel patch of the SMA to obviate a small caliber
anastomosis; (3) whether the continuous suture will be used
depends on operator’s mastering of the technique of
vascular anastomosis; (4) just before the sutures were tied,
the reconstructed HA was allowed to distend by pulsatile
infusion of cold solution while the distal HA was occluded
digitally and such method can identify whether the
reconstructed anastomosis has leakage and stricture, or
thrombosis of HA will occur which could cause biliary tract
complication[16-19].
Although division of third hepatic hilum caused severe
bleeding for two recipients in our group, this would not
affect the early function of allograft liver. Hepatic artery
thrombosis and multi-organ failure in earlier stage after
transplantation caused poor and non-function for another
two patients. Pittsburgh Transplant Center adopts the
anastomosis between hepatic artery at the level of
gastroduodenal artery in recipient and hepatic artery in donor,
hepatic artery thrombosis in earlier stage after transplantation
is associated with the technique of anastomosis. The simple
differentiating method is to observe the pulse of hepatic
artery after anastomosis, Doppler for hepatic artery the
first day after liver transplantation is the optimal for finding
thrombosis as soon as possible. Multi-organ failure often
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accompanies the instability of systemic hemodynamics and
the liver is much easier to be affected by ischemic-reperfusion
injury, while the injury of the liver also worsens the multiorgan failure and this pernicious recycle can cause patients
to die.
For the assessment of allograft viability in clinical OLTx,
there is, to date, no practical and simple technique available
that is discriminately predictive of allograft function before
the actual transplant procedure. Primary graft non-function
remains a major cause of mortality, and although the
shortage of donor organs remains a major limiting factor
in clinical liver transplantation[20], still we should have a
careful attitude toward the choice of liver allograft and
take into serious account several predictive factors. If so,
better therapeutic effect will be achieved.
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Abstract
AIM: To study the levels of 5-fluorouracail (5-FU) in plasma,
liver and tumor in patients with hepatocellular carcinoma
after oral administration of 5’-deoxy-5-fluorouridine (5’DFUR).
METHODS: Thirty-nine patients with hepatocellular
carcinoma were treated with oral 5’-DFUR for more than
4 d before operation. The contents of 5-FU in plasma,
liver and tumor were measured by high performance liquid
chromatography (HPLC) and apoptosis of tumor cells was
evaluated by in-situ TUNEL after resection of tumor.
RESULTS: The concentrations of 5-FU were 1.1 µg/mL,
5.6, 5.9, and 10.5 µg/g in plasma, the liver tissue, the
center of tumor and the periphery of tumor, respectively.
5-FU concentration was significantly higher in the periphery
of tumor than that in the liver tissue and the center of
tumor (10.5±1.6 µg/g vs 5.6±0.8 µg/g, t = 21.38, P<0.05;
10.5±1.6 µg/g vs 5.9±0.9 µg/g, t = 20.07, P<0.05). 5-FU
level was significantly lower in plasma than that in the liver
and the tumor (1.1±0.3 µg/mL vs 5.6±0.8 µg/g, t = 19.63,
P<0.05; 1.1±0.3 µg/mL vs 10.5±1.6 µg/g, t = 41.01, P<0.05).
Apoptosis of tumor cells was significantly increased after
oral 5’-DFUR compared to the control group without 5’-DFUR
treatment.
CONCLUSION: There is a higher concentration of 5-FU
distributed in the tumor compared with liver tissue and
apoptosis of tumor cells is increased following oral 5’DFUR compared with the control group. The results indicate
that 5’-DFUR is hopeful as neo-adjuvant chemotherapy
to prevent recurrence after resection of hepatocellular
carcinoma.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Hepatocellular carcinoma; 5’-Deoxy-5fluorouridine; 5-Fluorouracail; Apoptosis

Zheng JF, Wang HD. 5-Fluorouracil concentration in blood,
liver and tumor tissues and apoptosis of tumor cells after
preoperative oral 5’-deoxy-5-fluorouridine in patients with
hepatocellular carcinoma. World J Gastroenterol 2005; 11
(25): 3944-3947

http://www.wjgnet.com/1007-9327/11/3944.asp

INTRODUCTION
Hepatocellular carcinoma (HCC) remains one of the most
common neoplasms in the world[1,2]. 5’-Deoxy-5-fluorouridine
(5’-DFUR) is an oral fluoropyrimidine derivative and it is
converted to 5-fluorouracil (5-FU) by Pyrimidine nucleoside
phosphorylase (PyNPase) which is expressed with higher
level in tumor tissues compared with normal tissues[3,4]. Oral
5-FU derivatives have shown comparable antitumor activity
and long-term oral administration of low-dose has been
considered as postoperative adjuvant chemotherapy after
curative resection of the cancer to reduce recurrence and
improve survival rate[5-9]. The selective antitumor activity
of 5’DFUR is correlated with PyNPase activity in tumor[10].
Although the activity of 5-FU in tumor is well recognized,
resistance to this agent is frequently observed and remains
its major limitation. It was reported that doxifluridine still
showed antitumor activity to tumor cells which were resistant
to 5-FU[11].
The purpose of the present study was to investigate the
impact of preoperative oral 5’-DFUR on distribution of
5-FU in plasma, liver and tumor and apoptosis of tumor
cells in patients with hepatocellular carcinoma.
MA
TERIALS AND METHODS
MATERIALS
Chemicals and reagents
5’-DFUR capsule (Furtulon) was produced by Shanghai
Roche Pharmaceuticals Co. (Shanghai, China), and standard
5-FU was provided by Sigma Chemicals Co. (USA). Methyltert butyl ether, acetonitrile, methanol (HPLC grade) and
potassium hydrogen phosphate (AR grade) were purchased
from Peking Chemical Plant (Beijing, China).
Chromatographic conditions
HPLC system consisted of LC-10AT HPLC pump and
SPD-10A Detector (SHIMADZU Co. Japan). The analytical
column was Kromasil C18 (5 µm 200 mm×4.6 mm ID).
The mobile phase consisted of acetonitrile, methanol, and
0.25 mol/L potassium hydrogen phosphate (1:4:5). The
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flow rate was 1.0 mL/min and the wavelength was at 265 nm.
Collection of samples
Thirty-nine patients of 27 male and 12 female with hepatocellular
carcinoma were included in this study. Their average age
was 49.1 years and the diamters of tumors were from 5 to
7 cm. 5’-DFUR was administered orally and preoperatively
(1 200 daily for more than 4 d before operation and
400 mg on the day of operation). The mean total dosage
was 6.4 g. Blood sample and specimens of the normal liver
tissue and the tumor tissue were collected 3-5 h after final
administration. The liver and tumor tissues were cleaned
by distilled water and blotted by filter paper. One gram
tissue was weighed accurately and 4 mL distilled water was
added to the container to crush the tissue. The blood samples
and the crushed tissues were centrifuged, and 1 mL plasma
or aqueous layer sample was then stored under -20 .
Extraction and determination of samples
Each 0.5 mL plasma or aqueous layer sample was added
and mixed with 0.1 mL of potassium hydrogen phosphate
(0.5 mol/L), followed by the addition of 5 mL methyl-tert
butyl ether to each tube. The tube was then capped and shaken
for 10 min on a shaker. The aqueous layer and the organic
layer were separated by centrifugation at 3 000 r/min for
10 min. The aqueous layer was transferred to a clean test
tube and evaporated to dryness under gentle stream of
nitrogen at 50 . The residue was dissolved with 0.1 mL
of mobile phase and vortexed. Then the sample was
transferred into a micro-spin filter tube and was centrifuged
at 3 000 r/min for 10 min. The filtrate was collected and
the injection volume was 20 µL and the content of 5-FU
was measured by high performance liquid chromatography
(HPLC)[12-14].
In vivo detection of apoptosis
TUNEL staining was used to detect DNA degradation in situ
in the relatively late stage of apoptosis. Apoptotic cells were
labeled by the TUNEL reaction using an in situ Cell
Apoptosis Detection Kit. In situ Cell Apoptosis Detection
Kits were purchased from Roche Diagnostics GmbH Co.
in Germany. The detailed manipulation was conducted
according to instructions for users. The procedure was
performed following the instructions of the manufacturer
and in reference of the previous observations[15,16].
The positive cells were identified and analyzed based on
morphological characteristics of apoptotic cells as previously
described. Under the fluorescence microscopy, apoptotic
cells manifested as brownish staining in the nuclei. Nonnecrotic zone was selected in the tissue section and images
were randomly selected. The positive cells were determined
in at least five areas at ×400 magnification and divided into
three categories as follows: (+) only sporadic positive cells
were detected; (++) a cluster of apoptotic cells were
observed; (+++) positive cells in a large scale or multicluster apoptotic cells were seen in representative tissue
sections of each individual case. Twenty patients of HCC
without oral 5’-DFUR treatment were included as the
control group.
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Statistical analysis
The data were expressed as mean±SD. Student’s t-test was
performed for statistical analysis. P value less than 0.05
was considered statistically significant.

RESUL
TS
RESULTS
Concentration of 5-FU in plasma, liver and tumor following
oral administration of 5’-DFUR
The concentrations of 5-FU were 1.1 µg/mL, 5.6, 5.9, and
10.5 µg/g in plasma, the liver tissue, the center of tumor
and the periphery of tumor, respectively. The 5-FU content
was significantly higher in the periphery of tumor than that
in the liver tissue and the center of tumor (P<0.05). Moreover,
the 5-FU concentration was significantly lower in plasma
than liver and tumor (P<0.05). However, the 5-FU level in
the center of tumor was similar to that in the liver tissue
(Table 1).

Table 1 5-FU concentrations in blood, liver and tumor after oral
5’-DFUR
Tissue

Level of 5-FU

Plasma (µg/mL)

1.1±0.3a

Liver tissue (µg/g)
Central tissue of tumor (µg/g)

5.6±0.8
5.9±0.9
10.5±1.6a

Periphery tissue of tumor (µg/g)
a

P<0.05 vs 5-FU concentration in liver tissue.

Apoptosis of the tumor cell demonstrated by TUNEL
Under the fluorescence microscope, apoptotic cells manifested
as brownish staining in the nuclei. The degree of apoptosis
was shown + in tissue sections of the control group in which
sporadic positive cells were detected, and ++ in cases with
oral 5’-DFUR in which clusters of apoptotic cells were seen
(Figures 1A and B).

A

B

Figure 1 Apoptotic cancer cells detected by TUNEL method after oral
administration of 5’-DFUR ×400. A: Sporadic apoptotic cells were detected; B:
clusters of apoptotic cells were detected.

DISCUSSION
It is well known that hepatocellular carcinoma is one of the
malignant tumors with poor chemosensitivity to anticancer
agents[17,18]. 5-FU is still the first choice for the chemotherapy
of hepatocellular carcinoma[19,20], because of its strong killing
effects on the cancer cells. 5-FU can damage proliferating
cells, reduce the tumor mass in size and prevent tumor
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cells from spreading and metastasis. However, its usage is
limited due to the rapid development of acquired resistance.
The effects of 5-FU are not so satisfactory because 5-FU
has a lower concentration in tumor tissue and relatively
higher concentrations in blood after intravenous administration
of 5-FU. Moreover, its side effects are serious and many
patients are unable to tolerate.
5’-DFUR is a prodrug of 5-FU and it is converted to
5-FU by Pyrimidine nucleoside phosphorylase (PyNPase).
PyNPase exists in all kinds of tumor tissues and its expression
and activity in tumor tissue are higher than that in normal
tissue[3,4]. Nagata et al.[21-24] reported that transfection of
PyNPase gene into tumor cell can increase the sensitivity to
5’-DFUR, and thereby decreases the toxicity of the agent.
In our study, it had been found that 5-FU level in tumor
was 10 times higher than in plasma and 5-FU level was
significantly higher in the periphery of tumor than in the
liver tissue. The results suggested that more 5-FU was
converted and accumulated within tumor tissue. This
difference may be related to the higher PyNPase expression
and activity in hepatocellular carcinoma. It had also been
found that the 5-FU level was significantly higher in the
periphery of tumor than the center of tumor. There was
more 5-FU accumulated and converted in the periphery of
tumor following oral 5’-DFUR administration. Oxygen,
nutrition and growth factors were not equally distributed
within the tumor tissue. Oxygen and nutrient of the central
tumor tissue are supplied mainly by hepatic artery, and
proliferation of the tumor in this region is slower and even
partial necrosis appears. However, the periphery of tumor
has effluent blood flow supplied by hepatic artery and portal
vein, so the tumor cells can grow more rapidly. These results
may indicate that large liver tumor is not sensitive to 5’DFUR.
Oral 5’-DFUR is very convenient and its side effect is
slight[25]. The drug arrives in the liver firstly after being
absorbed by the intestine. So most of 5’-DFUR can be
converted to 5-FU in the liver or the liver tumor and
accumulated in these tissues with higher concentration than
that administered by iv approach. In this study, the 5-FU
level in peripheral vein was only one-tenth of that in tumor
tissue. 5-FU can be maintained at a certain level within the
tumor tissue but not accumulated in the peripheral vein
after regular oral administration of 5’-DFUR.
The expression and activity of PyNPase is higher in
the tumor with vascular permeation and lymph node
metastasis[4,26,27]. Akao et al.[28], reported that PyNPase activity
was significantly higher in metastatic lymph node. Tazawa
et al.[29], found that 5’-DFUR could inhibit hepatic metastasis
of tumor, which would be effective for the prophylactic
treatment of metastatic disease. These indicate that PyNPase
activity appears to be a new useful parameter for identifying
both a poor prognosis and a highly malignant potential of
tumor and 5’-DFUR is preferably sensitive in cancer patients
with lymph node metastasis and vascular infiltration. 5DFUR is still effective to the tumor which is resistant to 5FU therapy[11]. Monden et al.[30], found that vessel density
and stage of tumor were correlated with expression of
PyNPase which showed prognosis. 5-DFUR not only is
effective on primary tumor and metastatic lesion but also
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suitable to postoperative prevention of tumor. Apoptosis
of the tumor was enhanced after oral administration of 5’DFUR. In this study, it was found that there were more
apoptosis cells in the tumor after oral administration of 5’DFUR.
In summary, our results showed that there was a higher
concentration of 5-FU accumulated in the tumor tissue
compared with liver tissue and apoptosis of the tumor cells
was increased after oral administration of 5’-DFUR. 5’DFUR is a hopeful agent for neo-adjuvant chemotherapy
to prevent recurrence after resection of hepatocellular
carcinoma.
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Abstract
AIM: To examine the prevalence and prognostic significance
of C-kit gene mutation and analysis the correlation of Ckit gene mutation and the clinicalpathologic parameters
of GISTs.
METHODS: Eighty-two GISTs were studied for the
mutation of C-kit gene by PCR-SSCP, DNA sequence.
Statistical comparison were used to analysis the
correlation of C-kit gene mutation and clinicalpathology,
clinical behavior, recurrence.
RESULTS: (1) Mutation-positive and mutation-negative
GISTs were 34 and 48,respectively; (2) Among these
patients with C-kit mutation remained a significantly poor
prognosis associated with 59% 3-year survival compared
to those whose tumors did not; (3) Tumor size, PCNA
index, mitotic cell number, presence of necrosis, microscopic
invasion to adjacent tissues, recurrence and distant
metastasis among mutation-positive and mutation-negative
GISTs were significantly different.
CONCLUSION: C-kit mutation is a undoubtedly pivotal
event in GIST and may be associated with poor prognosis.
Evaluation of C-kit gene mutation may have both prognosis
and therapeutic significances.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastrointestinal stromal tumor (GIST) is designation for a
major subset of mesenchymal tumors of the gastrointestinal
tract. Their biological behavior is a persistent source of
controversy. Concerning prognosis ,various studies[1-3] have
endeavored in the establishment of clinicopathologic
correlations, such as tumor size, location, mitotic cell count,
proliferative activity, presence of necrosis, presence of
hemorrhage, microscopic invasion to adjacent tissues,
recurrence, distant metastasis, age, sex, cell type. Yet the
criteria claimed to predict the biological behavior of GIST
remains vague and do not even enable a confident
discrimination between benign and malignant lesions.
Discrimination of malignant GISTs based on an objectively
defined factor would be of practical importance. In this
study, we intend to contribute to this issue by examining the
prevalence and prognostic significance of the abovementioned parameters, C-kit expression and C-kit gene
mutation, and analysis the correlation of C-kit gene mutation
and the above-mentioned clinical parameters.
MA
TERIALS AND METHODS
MATERIALS
Patients
During the period 1997-2001, 82 patients with primary
mesenchymal tumors of the gastrointestinal tract underwent
surgery at Changhai Hospital and were diagnosed as GISTs.
Of these, 56 men and 26 women, the mean age of the
GIST patients at the time of diagnosis was 53 years. The
locations of the tumors were as follows: 3 in the esophagus,
42 in the stomach, 35 in the intestine, and 2 in the mesentery.
According to the standard of Lewin’s [4], 82 cases were
divided into 2 groups, 20 benign and 62 malignant GISTs.
At the time of diagnosis, 16 were found microscopic invasion
to mucous myometrium or placenta percreta, distant
metastasis was found in 16 patients, 9 to the liver, 2 to
bone, 1 to lung and 4 extensive metastasis; the remaining
patients were free of distant metastasis. Thus ,curative
surgery was performed for 73 patients, and the patients
with distant metastasis or peritoneal dissemination
underwent only local resection. The mean follow-up period
was 4.1 years, during the follow-up period, 18 patients
suffered from recurrences, and 10 patients received
reoperation for recurrences.
Immuohistochemistry
Paraffin sections (3 mm thick) of formalin-fixed tissues
were used for conventional H&E staining and for
immunohistochemistry. Rabbit polyclonal antibody against
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PCR-SSCP
DNA was extracted from formalin-fixed, paraffin-embedded
tissues using standard methods with proteinase K digested
and phenol/chloroform purified. Exon11 of the C-kit gene
was amplified by PCR using the following oligonucleotide
primer pairs: sense primer 5’-aactcagcctgtttctg g-3’antisense primer: 5’-gatctatttttccctttctc-3’. PCR products
were subjected to 8% non-denaturation polyacrylamide gel
electrophoresis (aer:bis = 49:1) with 5% glycerin and silver
nitrate staining.
DNA sequencing
PCR products that showed abnormal gel shift by PCR-SSCP
were selected for sequencing after cloned into PMD18-T
vector. The sequencing procedures were performed by
Songon Co., Shanghai.

GISTs showed abnormal gel shifts while no mutant bands
were observed in benign GISTs. Abnormal gel shifts included
multiple shift bands, monomorphic fragment or band shifting.
Sequencing of abnormal bands revealed point mutation,
deletion mutation and insertion deletion. Mutation-positive
and mutation-negative GISTs were 34 and 48, respectively.
Survival analysis
Three-year survival rate was 77%(63/82) of 82 cases. Among
these patients with C-kit mutation remained a significantly
poor prognosis associated with 59% 3-year survival
compared to those whose tumors did not. (χ2 = 11.6464,
P<0.05, Figure 1).
C-kit gene mutation

1.0
Cumulative survival rate

human KIT and mouse monoclonal antibody against human
PCNA were purchased from DAKO. Immunohistochemistry
was performed using EnVision kit by two-step technique.
PCNA index indicating the percentage of positive tumor
nuclei was obtained by visual quantitative assessment of
100 tumor cells. Random fields were selected, excluding
areas with excessive or scant immunostaining. Nuclear
staining without cytoplasmic staining was considered a
positive result. Negative result was set as “-”, PCNA index
<10% +, PCNA index 10%-30%++, >30% +++.
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Figure 1 C-kit gene mutation and cumulative survival rate.

Statistical analysis
Eighty-two GISTs were divided into mutation-positive and
mutation-negative subtypes according to C-kit gene detection.
χ2 test was used to analyze the correlation of C-kit mutation
and clinicopathological and prognostic factors. Two-sided
P<0.05 were considered to represent statistical significance.
The relative importance of various prognostic factors for
the postoperative was analyzed with Cox’s proportional
hazard model. Logistic regression analysis with the forward
stepwise method was used to compare the difference of
survival curves between the C-kit mutation-positive and
mutation-negative subtypes. The possible prognostic factors
included age, sex, location of tumors, tumor size, cell type,
microscopic invasion to neighboring structures, mitotic cell
number, PCNA index, distant metastasis at the time of
diagnosis, peritoneal dissemination at the time of surgery,
recurrences during the follow-up period, presence of necrosis,
presence of hemorrhage, presence of C-kit mutation and
expression.

RESUL
TS
RESULTS
Immunohistochemistry
Immunohistochemical analyses revealed strong and diffuse
C-kit expression in 80 of 82 cases. PCNA staining intensity
varied from very weak to intensely strong and from finely
granular to uniformly dark red-brown (Table 1).
Evaluation of mutations in exon11 of C-kit gene
Two alleles were observed for the normal PCR segments,
fast and slow fragments were designated as A and B alleles,
respectively. Comparing to normal cases, 34 (41.5%) malignant

The relationship of C-kit mutation and clinicopathological
marker
We examined whether the presence of C-kit mutation could
be associated with clinicopathological features of GISTs
(Table 1).Statistical analysis indicated that significant
differences were detected with tumor size (χ2 = 16.7950,
P<0.05), PCNA index (χ2 = 17.0990, P<0.05), mitotic cell
number (χ 2 = 11.2327, P<0.05), presence of necrosis
(χ 2 = 4.4036, P<0.05), microscopic invasion to adjacent
tissues (χ2 = 22.3912, P<0.05) between two terms. The age,
sex, location of tumor, cell type, the presence of hemorrhage,
and C-kit expression were independently related to the
presence of C-kit mutation.
The correlation between C-kit mutation and prognostic factors
We also examined whether the presence of C-kit mutation
was associated with the clinical outcome (Table 2). The
mutation-positive GISTs showed more frequent recurrences
(χ2 = 16.333, P<0.05), distant metastasis (χ2 = 12.9649,
P<0.05) and higher mortality (χ 2 = 11.6464, P<0.05) than
the mutation-negative GISTs. Of the patients with mutationpositive GIST ,developed distant metastasis.

DISCUSSION
GISTs are the most common mesenchymal tumors of the
human gastrointestinal tract which are enigmatic in terms
of their line of differentiation or cell of origin and clinical
behavior[5]. Recently, many studies have shown that tumor
size, location, mitotic cell count, cell type, proliferative
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Table 1 Relationship of C-kit mutation and clinicopathological marker
Clinicalpathological
Total

Total
82

C-kit
Case

C-kit
Percent

34

Case

χ2

Percent

P

48

Age (yr)
<40

12

5

15

7

15%

40

70

29

85

41

85%

Man

56

24

71

32

67%

Woman

26

10

29

16

33%

0.0002

0.9877

0.1413

0.7069

16.7950

<0.0001

7.5243

0.0569

0.8272

0.3631

17.0990

0.0007

11.2327

0.00008

Sex

Tumor size
1-5.4

46

10

29

36

75%

5.5

36

24

71

12

25%

Location of tumors
Esophagus

3

0

0

3

6%

Stomach

42

14

41

28

58%

Intestine

35

18

53

17

36%

2

2

6

0

0%

73

29

85

44

92%

9

5

15

4

8%

Mesentery
Cell type
Spindle
Epithelioid
PCNA index
0

19

7

21

12

25%

+

49

15

44

34

71%

++

13

12

35

1

2%

+++

1

0

0

1

2%

67

22

65

45

94%

15

12

35

3

6%

Mitotic
<5
5/50
Hemorrhage
Yes

25

12

35

13

27%

No

57

22

65

35

73%

Yes

37

20

59

17

35

No

45

14

41

31

65

0.6331

0.4262

4.4036

0.0359

22.3912

<0.0001

Necrosis

Microscopic
Yes

16

15

44

1

2

No

66

19

56

47

98

Positive

80

33

97

47

98

Negative

2

1

3

1

2

C-kit expression
0

1

Table 2 Correlation between C-kit mutation and prognostic factors
Prognostic

Total

C-kit mutation-positive subtype

C-kit mutation-negative subtype

Case

Percent

82

34

48

Yes

18

13

38

5

10

No

64

21

62

43

90

16

13

38

3

6

10

9

26

1

2

Total

Case

Percent

χ2

P

16.333

0.0001

12.9649

0.0003

11.6464

0.0006

Recurrence

Metastasis
Live
Abdominal cavity

3

2

6

1

2

3

2

6

1

2

Survival

63

20

59

43

90

Death

19

14

41

5

10

Distant
Prognosis
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activity, presence of necrosis, presence of hemorrhage,
microscopic invasion to adjacent tissues, recurrence, distant
metastasis, as favorable factors of GIST. But histologic
distinction of benign from malignant tumors is often
difficult, and prediction of clinical outcome on the basis of
histologic characteristics alone is not always reliable, many
histologically malignant neoplasms were clinically benign.
Moreover, some tumors had conflicting features of both
benignancy and malignancy, and their malignant potential
has been labeled uncertain or indeterminate. In recent years,
C-kit protein expression and activated gene mutation have
been found in GIST[6-9], aggressive mastocytosis[10], mast
cell leukemia[11], ANLL with/without mast cell involvement
[10]
, myeloproliferative disorders[10], colon carcinoma[12] and
germ cell tumors[13]. Dections of gene mutation have shown
a good correlation with biologic behavior in such tumors
and providing valuable adjunctive prognostic information.
In this study, we examined whether the presence of
mutation of C-kit gene is important as a prognostic factor
of GIST and found it to indicate a significantly poorer
prognosis.
First, we examined whether the presence of C-kit mutation
could be associated with clinicopathological features of
GISTs. Statistical analysis indicated that significant differences
were detected with tumor size, PCNA index, mitotic cell
number, presence of necrosis, microscopic invasion to adjacent
tissues between mutation-positive and mutation-negative
GISTs. While the age, sex, location of tumor, cell type, the
presence of hemorrhage, and C-kit expression were
independently related to the presence of C-kit mutation.
This states that the mutation-positive GISTs were larger in
size and showed more frequent invasion of adjacent tissues,
the mutation-positive GISTs showed higher mitotic counts
and PCNA index and more necrosis within the tumors
histologically. Taken together, the mutation-positive GISTs
had more malignant histological features than the mutationnegative GISTs. We also examined whether the presence
of C-kit mutation was associated with the clinical outcome.
The mutation-positive GISTs showed more frequent
recurrences, distant metastasis and, higher mortality than
the mutation-negative GISTs. There are at least possible
two explanations for this : GIST may be classified into two
subtypes, C-kit mutation-positive and mutation-negative
GISTs mutation-positive GISTs showed more malignant
features,; mutation-negative GISTs may acquire more
malignant phenotype due to the addition of C-kit mutation.
Recently, gain-of-function mutations of the juxtramemebrane
domain of C-kit , including deletions or point mutations
in exon11 were described in GIST[14-18]. These mutations
were shown to lead to spontaneous, lilgand-independent
tyrosine kinase activation. The stable transfection of murine
lymphoid cells with the mutant C-kit complementary DNA
was shown to induce malignant transformation, suggesting
pathogenetic significance of such mutations. We have
expanded these observations and found that the C-kit
mutation in the exon11 predominantly occur in those GISTs
that are histologically and clinically malignant while benign
GISTs were not detected. This suggest that C-kit mutation
in the exon11 may be an important pathogenetic mechanism
of tumor malignant behavior. Moreover ,we found C-kit
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mutations only in 60% of the malignant GISTs. This may
suggest that additional pathogenetic mechanisms exist in
other cases, or that mutations occur in alternative sites.
Another study also showed correlation between the mutations
and disease progression.
There is no effective therapy for unresectable or
metastatic gastrointestinal stromal tumor, which is invariably
fatal. STI571, a phenylaminopyrimidine derivative, is a small
molecule that selectively inhibits the enzymatic activity of
C-kit gene. Joensuu et al.[19], found that inhibition by STI571
of the constitutively active mutant C-kit tyrosine kinase of
gastrointestinal stromal tumors was an effective therapy for
these tumors. There are two explanations for this: STI571
may be active in solid tumors that rely on the expression of
C-kit, ABL, or platelet-derived growth factor receptor while
GIST uniformly express C-kit; a tumor-specific C-kit
mutation appears to be the chief cause of this neoplasm.
Considering these findings, we conclude that C-kit mutation
is a undoubtedly pivotal event in GIST and may be
associated with poor prognosis. Evaluation of C-kit gene
mutation may have both prognosis and therapeutic
significances as the new tyrosine kinase inhibitor (STI571)
treatments are available.
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Abstract
AIM: To investigate the uptake of 99mTc-HYNIC-Tyr 3 octreotide (99mTc-HYNIC-TOC) in human hepatocellular
carcinoma (HCC), which can provide the localizable
diagnosis in hepatic carcinoma.
METHODS: The expression of somatostatin receptor 2
(SSTR2) messenger RNA (mRNA) in human HCC cell line
HepG2 was examined by reverse transcriptase-polymerase
chain reaction (RT-PCR). Uptake of 99mTc-HYNIC-TOC was
evaluated in the human HCC implanted into BALB/c nude
mice. ANMIS2000 nuclear medicine analysis system was
used to calculate the ratio of 99mTc uptake between tumor
tissue and vital organs.
RESULTS: We demonstrated the expression of SSTR2
mRNA in human HCC cell line HepG2 by RT-PCR. The size
of the RT-PCR products was 364 bp detected by sequence
analysis of the human SSTR2 mRNA. Scintigraphy proved
that 99mTc-HYNIC-TOC was uptaken in the tumor tissue,
liver and kidney of the tumor-bearing mice.
CONCLUSION: Based on expression of the SSTR2 mRNA
in human HCC, 99mTc-HYNIC-TOC can markedly bind with
and be uptaken by human HCC tissues as compared with
normal liver tissue. The significant retention of radionuclide
in kidney and bladder is probably related to non-specific
peptide uptake in the tubulus cells of kidney and possibly
due to excretion by kidney. Our results show that localizable
diagnosis and targeting radiotherapy with radionuclidelabeled somatostatin analog for HCC are of great value
to be further studied.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The role of somatostatin (SS) analogs in the tumor diagnostic
and therapeutic applications has attracted the concern of
the people. It has been widely reported about the growth
suppressing effects of SS and its analogs on many tumors[1-4].
To date, it is known that their suppressing effect on tumor
cell proliferation is mediated by the somatostatin receptors
(SSTRs) presented in the tumor constitution[5]. Like most
neuroendocrine tumors, adenocarcinomas originating in the
breast, colon, or pancreatic tumor, as well as meningiomas,
express SSTRs, and the majority of these tumors express
the somatostatin receptor subtype 2 (SSTR2)[6,7]. However,
all five receptor subtypes (SSTR1-5) bind native SS with a
high affinity, while octreotide, an SS analog, binds with a
very high affinity only to subtype 2 (SSTR2) and shows a
moderately high affinity for SSTR5[8]. Overexpression of
the SSTR2 in some tumors has made it possible to use SSreceptor scintigraphy with indium111 or technetium 99mlabeled octreotide for the visualization of SS receptorpositive cancers[9,10]. In addition to tumor scintigraphy, a
new application of these radiolabeled peptides is peptide
receptor radionuclide therapy[11,12].
It has been known that hepatocellular carcinoma (HCC)
is a leading cause of cancer-related death. At present, surgical
resection of malignant liver lesions offers the best outcome
and the only hope of cure. The 5-year survival rate for
selected patients undergoing surgical resection of primary
HCC was 30%, with a median survival of 30 mo. However,
approximately 90% of patients presenting with primary HCC
have inoperable disease[13]. These patients must rely largely
on various forms of chemotherapy and radiotherapy[14,15].
These treatments have at times shown promising response
rates, symptom palliation and have occasionally down-staged
hepatic tumors to allow surgical resection, but these
treatment modalities have not improved 5-year survival
rates, which remain in the order of 1%[16]. The persisting
poor survival among the vast majority of patients presenting
with liver cancer has led to renewed interest in developing
targeted radiotherapy with radiolabeled SS analogs as a
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possible treatment option for patients with non-resectable
liver cancer. However, it has not been known that HCC
can uptake radiolabeled SS analogs. The aim of this study
was to scintigraphically identify the localization of HCC in
order to reveal a possible role of radiolabeled SS analogs in
the treatment of HCC, and determine the target cell of
receptor subtype selective radiolabeled SS analogs for
targeting radiotherapy of HCC.

MA
TERIALS AND METHODS
MATERIALS
Materials
All reagents and solvents were obtained from commercial
sources and were used without further purification except
HYNIC-[Tyr 3]-octreotide (HYNIC-TOC). We applied
hydrazinonicotinic acid (HYNIC) as the ligand for 99mTc.
Labeling with 99mTc was performed using a co-ligand required
to stabilize 99mTc bound to the hydrazino residue of the peptide
conjugate. HYNIC-TOC was synthesized at the Medicine
Isotope Research Center of Peking University. Na99mTcO4
was obtained from commercial 99Mo/99mTc generator. The
methods of HYNIC-TOC synthesis and 99mTc labeling were
employed as previously described[17,18]. Reaction solutions were
tested for radiochemical purity by the C18-SepPak column
of high-performance liquid chromatography immediately and
up to 24 h after preparation. 99mTc of radioactive purity >
95% was bound to HYNIC-TOC.
RT-PCR and sequencing of products
The human HCC cell line HepG2 was assessed for the
presence of somatostatin receptor subtypes (SSTR1-5)
messenger RNA (mRNA) to confirm the presence of the
target receptor subtype for 99mTc-HYNIC-Tyr3-octreotide
(99mTc-HYNIC-TOC), especially SSTR2. The following
primer pairs (Boya Co., Shanghai, China) were applied: for
human SSTR1, sense (1 543-1 652) 5’-TCATCCTCGGCTATGCCAAC-3’ and antisense (1 789-1 898) 5’-GCAGGTGCCATTACGGAAGA-3’; for SSTR2, sense (359-378) 5’CTGTGGATGGCATCAATCAG-3’ and antisense (723741) 5’-TCGGATTCCAGAGGACTTCA-3’; for SSTR3,
sense (1 193-1 212) 5’-GCCTCTGCTACCTGCTCATC3’ and antisense (1 618-1 637) 5’-CCATCCTCCTCCTCCTCATC-3’; for SSTR4, sense (480-499) 5’-CAGCGTGGCCAAGCTCATCA-3’ and antisense (962-981) 5’-GATCGGCGGAAGTTGTCGGA-3’; for SSTR5, sense (205-224)
5’-GCCAAGATGAAGACCGTCAC-3’ and antisense (668887) 5’-AGCAGGTAGCACAGGCAGAT-3’; for β-actin,
sense 5’-ACGTTATGGATGATGTATCGC-3’ and
antisense 5’-CTTAATGTCACGCACGATTTCC-3’. RNA
extraction and reverse transcription were performed
according to the manufacturer’s instructions. cDNA was
amplified in a reaction mixture (total volume 20 µL)
comprising cDNA (transcribed from 12 µg of total RNA),
2 µL of 10× PCR buffer, 0.4 µL of 10 mmol/L dNTP,
and 1.5 µL of 25 mmol/L MgCl2, 10 pmol/L of each of
sense and antisense primers, and 2.5 U of Taq DNA
polymerase. Following an initial denaturing step at 94
for 5 min, the amplification program of 30 cycles, each
cycle consisting of denaturation at 94 for 30 s, annealing
for 20 s, and extension at 72
for 30 s, was
at 60
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carried out by a Gene Amplification PCR system 2 400
(PE Corp., USA). The amplification was terminated with
the final extension step at 72
for 10 min. The amplified
products, subsequently, were electrophoresed and photographed
on 15 g/L agarose gel stained with ethidium bromide. The
final products were verified by sequencing in Boya Co.
(Shanghai, China). β-actin specific primers were used to
amplify the cDNA fragment as an internal standard.
Tumor cell inoculation and tumor growth assessment
The human HCC cell line HepG2 was from Clinical Medical
Institute of Sir Run Run Shaw Hospital. The cells were
grown in RPMI1640 (Gibco Co., USA) supplemented with
100 mL/L fetal bovine serum (Hangzhou Sijiqing Co.,
China) at 37
in a humidified atmosphere containing
50 mL/L CO2 and 950 mL/L O2. Subculturing was executed
every 2-3 d and the cells grew well along the walls of culture
tube. Then, the cells (2×106 cells/mouse) at logarithmic growth
period were subcutaneously inoculated into right flank of
BALB/c nude mice, aged 6-8 wk, weighing 18-20 g (purchased
from Animal Center of Academy of Science, Shanghai, China).
The total tumor load per mouse was approximately 1 cm3 at
about 28 d post-injection. We took out the whole tumors, then,
immediately put into saline containing 100 U/mL penicillin
and streptomycin. Tumor pieces with a size 1-2 mm3 were
made from the margins of the whole mass after winkling the
connective tissue around the mass. The mice were randomly
divided into three groups in accordance with subcutaneous
re-transplantation of tumor into right flanks (subcutaneous
group) or in situ liver (intra-liver group), or without retransplantation (control group). Each group consisted of three
mice. The experiments were started at 21 d post re-implantation,
when the size of tumor per mice was approximately 1 cm3.
In vivo imaging with 99mTc-HYNIC-TOC
Each mouse of tumor-bearing groups (subcutaneous group
and intra-liver group) and control mice group received
100 µCi of 99mTc-HYNIC-TOC injected into the caudal
vein under soluble pentobarbitone anesthesia. The mice were
imaged at 2 and 4.5 h, respectively, after injection of 99mTcHYNIC-TOC with mini-radioisotope gamma camera
equipped with a pinhole collimator (Bingsong Corp., China).
During imaging, the mice were maintained with a fixed band
and positioned on dorsal recumbency with the legs extending
from the body. The imaging analyses of 99mTc uptake in
tumor tissue and vital organs were conducted using ANMIS
2000 nuclear medicine analysis system (Bingsong Corp.).
Animals of the intra-liver group were killed after the second
imaging session (4.5 h after injection of 99mTc-HYNIC-TOC)
for examination of intra-liver tumor growth.

RESUL
TS
RESULTS
Expression and PCR products sequencing of SSTR2 mRNA
in HCC cell line HepG2
PCR products of SSTRs were obtained for HepG2 cells.
The size of the products corresponded to the predicted
length of the synthesized cDNA fragment based on the
position of the PCR primer. SSTR1-5 mRNAs were variably
expressed in HepG2 cells. Expressions of SSTR1, SSTR2,
and SSTR4 mRNA were found in HepG2 cells, respectively

Li Y et al. Radiolabeled octreotide-targeted radiotherapy in hepatocellular carcinoma

In vivo imaging with 99mTc-HYNIC-TOC
The gamma camera imagings of a representative mouse
from the subcutaneous, intra-liver and control groups at
2 and 4.5 h after being injected with 99mTc- HYNIC-TOC
are shown in Figure 3. These imagings showed visual
accumulation of 99mTc-HYNIC-TOC detected in the tumor
xenografts of mice (including subcutaneous group and intraliver group). The retention of radioactivity in the kidney
and excretion through the bladder were observed. The highlevel uptake of radioactivity in the liver of tumor-bearing
mice was also observed and compared with the control
group. This tumor uptake was important to validate the
dosing regimen that was used in therapy studies of liver
cancer.

(Figure 1), but those of SSTR3 and SSTR5 mRNAs were
not observed. We identified that the product of SSTR2
mRNA was the specific fragment that we needed after
performing sequencing and comparison with SSTRs mRNA
rank of the GenBank [19], it turned out to be a perfect
coincidence with the fragment rank (Figure 2). The result
showed that the amplification we executed was specific.
M
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DISCUSSION
Radiolabeled SS analogs have brought new prospects to
nuclear oncology for diagnosis and therapy of tumor. Due
to their low molecular weight and high affinity to SSTRs,
good tissue penetration properties, and being internalized

Figure 1 RT-PCR analysis for SSTR1-5 mRNA expression in HepG2. Lane
m: marker; lane 1: SSTR1 (246 bp); lane 2: SSTR2 (384 bp); lane 3: SSTR3;
lane 4: SSTR4 (502 bp); lane 5: SSTR5.
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Figure 2 Sequencing of SSTR2 mRNA PCR products. The products were
specifically amplified after the sequencing fragment was compared with human
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Figure 3 Scintigrams of mice at different times after injection of 99mTc-HYNICTOC. A and C: subcutaneous group at 2 and 3 h, respectively; B and D: intraliver group at 2 and 4 h, respectively; E: subcutaneous group at 4.5 h, when the

SSTR2 of GenBank, and was a perfect coincidence with the fragment rank of
human SSTR2 mRNA.

D

E

F

bladder was emptied; F: control group at 2 h. The marked decrease in the liver
(arrows) uptake was apparent in the control group mouse.

3956

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

into the tumor cells after receptor binding[20-22], they provide
promising strategies for diagnosis and internal radionuclide
therapy for various cancer types. Before radiolabeled,
octreotide was employed in HCC, it has been studied with
125
I-[Tyr3]-octreotide for tumor diagnosis[11]. However, some
studies demonstrated that the SSTRs density in HCC was
considerably lower than the receptor density found[23,24], thus
it has rarely been studied in the liver cancer. As radiotherapy
of SS receptor-positive tumors with compounds such as
90
Y-labeled ones was applied, it is necessary to develop a
new strategy for the treatment of liver cancer.
In this study, we evaluated the expression of SS receptor
in human HCC cell line HepG2. The results showed that
SSTR1, SSTR2 and SSTR4 were frequently expressed in
human HCC, which was similar to previous reports[25,26]. As
the normal human liver does not express SSTR2 (predominant
receptor subtype was SSTR1[27]), the presence of SSTRs in
HCC may be regarded as an overexpression of the receptors
in this tumor. Like previous therapeutic experiments[28],
unlabeled octreotide was shown to bind with a high affinity
to SSTR2, suggesting that the predominant receptor subtype
was SSTR2. As to radiolabeled octreotide targeting therapy
for HCC, the expression of SSTR2 in HCC is of high
significance.
In scintigraphy experiment with 99mTc-HYNIC-TOC, the
significant uptake of radionuclide by tumor xenografts in
nude mice was found in both subcutaneous group and
intra-liver group. And it was demonstrated that the
hepatocarcinoma tissues had a fairly steady rate in uptaking
99m
Tc-HYNIC-TOC by the fact that there was still obvious
radionuclide gathering at the tumor tissues at 4 h after
administration. The results showed that the intensity of
the signal was not as strong as for neuroendocrine tumor
metastases. As a therapeutic tool, there are certainly
potential clinical implications linked with the SS receptor
expression in HCC.
The expression of some SS receptor subtypes was found
in the liver and kidney as well[24,29]. However, the physiological
uptake of 99mTc-HYNIC-TOC in these organs was probably
mainly due to some loss of technetium out of chelation
(liver) and non-specific peptide uptake in the tubulus cells
(kidney). Thus, in our receptor scintigram, the retention of
radionuclide prominently in both kidney and bladder as well
as the less uptake in liver, which was similar to previous
reports[30,31], was shown after injection of 99mTc-HYNICTOC. Because of the absence of SSTR2, the retention of
technetium in the bladder, which was possibly due to the
kidney excretion, almost vanished when bladder emptied
(Figure 3E). Meanwhile, based on recent studies[32-34], most
of the radiolabeled octreotide, like our results, would
accumulate in the kidney after glomerular filtration, followed
by re-absorption into renal cells. It is necessary to take into
consideration the induction of the kidney damage while
performing targeting radiotherapy with radiolabeled
octreotide.
In conclusion, HCC cell line HepG2 expresses SSTR2
mRNA. 99mTc-HYNIC-TOC, relying on the receptor
mediation, can markedly bind with and be uptaken by
human HCC tissues as compared to the normal liver tissue,
which is probably mainly due to some loss of technetium
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out of chelation. The significant retention of radionuclide
in kidney and bladder is probably related to non-specific
peptide uptake in the tubulus cells of kidney and possibly
due to the excretion by kidney. This phenomenon has clued
to potential radiation nephrotoxicity of the agents, which
needs to be solved before a widespread application of
targeting radiotherapy.
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Abstract
AIM: To study the effects of He-Ne laser irradiation on
experimental chronic atrophic gastritis (CAG) in rats.
METHODS: Sixty-three male adult Wistar rats were
randomly divided into five groups including normal control
group, model control group and three different dosages
He-Ne laser groups. The chronic atrophic gastritis (CAG)
model in rats was made by pouring medicine which was
a kind of mixed liquor including 2% sodium salicylate and
30% alcohol down the throat for 8 wk to stimulate rat gastric
mucosa, combining with irregular fasting and compulsive
sporting as pathogenic factors; 3.36, 4.80, and 6.24 J/cm2
doses of He-Ne laser were used, respectively for three
different treatment groups, once a day for 20 d. The pH
value of diluted gastric acid was determined by acidimeter,
the histopathological changes such as the inflammatory
degrees in gastric mucosa, the morphology and structure
of parietal cells were observed, and the thickness of mucosa
was measured by micrometer under optical microscope.
RESULTS: In model control group, the secretion of gastric
acid was little, pathologic morphological changes in gastric
mucosa such as thinner mucous, atrophic glands, notable
inflammatory infiltration were found. After 3.36 J/cm2 dose
of He-Ne laser treatment for 20 d, the secretion of gastric
acid was increased (P<0.05), the thickness of gastric
mucosa was significantly thicker than that in model control
group (P<0.01), the gastric mucosal inflammation cells
were decreased (P<0.05). Morphology, structure and volume
of the parietal cells all recuperated or were closed to normal.
CONCLUSION: 3.36 J/cm2 dose of He-Ne laser has a
significant effect on CAG in rats.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Chronic atrophic gastritis (CAG) is one of the most common
digestive diseases worldwide[1-4]. The patient’s gastric mucosa
atrophies, gastric sinus secret cells reduce, function is weakened,
gastric acid secretion reduces, especially pathological changeable
epithelium often contains intestine epithelium metaplasia
and atypical hyperplasia, which are often seen as precancerous
lesions of gastric carcinoma[5-7]. To the author’s knowledge,
clinics still have no perfect and effective treatment projects[8].
So we successfully established an animal model with CAG
in rats[9], used different radiation intensity of He-Ne laser to
irradiate at the gastric projective area of rat with CAG, to study
the therapeutic effects by examining changes of gastric acid
and observing changes of pathologic histology in gastric mucosa.
MA
TERIALS AND METHODS
MATERIALS
Animals
A total of 52 male adult Wistar rats weighing 180-230 g
were purchased from Experimental Animal Center, Capital
Medical University. They were housed in an air-conditioned
room with 12 h dark/light cycle, and randomly divided into
five groups: eight in normal control group, 11 in model
control group, 11 in 3.36 J/cm2 dose He-Ne laser group
(small dose He-Ne laser group), 11 in 4.80 J/cm2 dose HeNe laser group (inside dose He-Ne laser group), 11 in
6.24 J/cm2 dose He-Ne laser group (big dose He-Ne laser
group). CAG model in rats were made by mixing 2% sodium
salicylate and 30% alcohol and poured down their throats
for 8 wk to stimulate their gastric mucosa, combined with
irregular fasting and compulsive sporting.
He-Ne laser therapy
He-Ne laser therapy was carried out using the HJ-3DB
He-Ne laser machine (wavelength 632.8 nm) which was
made by Nanjing laser instrument factory, the He-Ne laser
was amplified by convex lens, vertically radiated at the gastric
projective area. The anterioposterior diameter of laser was
1 cm, its power density was 8 mW/cm2. The following formed
the course of treatment once a day for 20 d.
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Small dose He-Ne laser treatment: irradiated 7 min each
time, 3.36 J/cm2 of dosage;
Inside dose He-Ne laser treatment: irradiated 10 min
each time, 4.80 J/cm2 of dosage;
Big dose He-Ne laser irradiation: irradiated 13 min each
time, 6.24 J/cm2 of dosage.
Process
The rats in each group were killed at the desired time-point.
The animals were deprived of food but were offered enough
water before being killed at 24 h. The rats were anesthetized
with ether, the belly was opened immediately, cadre was
ligature, the whole stomach was taken off, and the surface
blood stains were washed by normal saline water, sucked
dry with filter paper, then the gastric cavity was opened
along greater curvature of stomach, flushed with distilled
water, and the dilution gastric liquid (provided to measure
the gastric acid pH value) was collected, then front and
back gastric sinus and parts of stomach organized roughly
into 3 mm×10 mm were taken in parallel with lesser curvature
of stomach, fixed in neutral formalin, embedded in paraffin
wax, 6 µm sections, stained with hematoxylin-eosin (HE)
for pathological examination.
Determination of gastric acid
The rat’s gastric acid (pH value) was determined five times
for each example by acidimeter (PHS-3C) from Shanghai
Instrument Factory, and took the average value as the pH
value of this animal.
Pathology examinations
Take three sliced pieces for each example, and select three
different visual fields for each slice such as the body of
stomach, gastric sinus and the area of the body of stomach
marked with gastric sinus. The whole gastric mucosa was
observed under light microscope, which included the
following aspects: (1) the immunity degree of the gastric
mucosal ingluvitis cellular was divided into two grades such
as negative (-) (no ingluvitis cells or some ingluvitis that jot
spread at the gastric mucus) and positive (+) (more ingluvitis
cell at the gastric mucosa or series of ingluvitis cells aggregated
inside the mucus), counted the positive rate respectively by
each visual field; (2) measured the thickness of the gastric
mucosa with microscope, regarded µm as the unit, adopted
the average of the mucosa thickness to show the reflection
hyperplasia circumstance; (3) observed the parietal cell
including the appearance, construction and arrangement.
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Statistical analysis
Software SPSS 10.0 was used in the statistical analysis,
parameters were expressed as mean±SD, and compared
using One-way ANOVA analysis of variance, followed by
χ2 tests and differences were considered significant at P<0.05.

RESUL
TS
RESULTS
Gastric acid
The determination results of gastric acid showed that the
secret function of gastric mucosa in model control rats was
more decreased than that in both normal control group
and small dose He-Ne laser group (P<0.05, Table 1).

Table 1 Detection of gastric results of pH value in Wistar rats
Group

n

pH value (mean±SD)

Normal control
Model control

6
7

3.72±1.02a
5.86±1.45

Small dose He-Ne laser
Inside dose He-Ne laser

7
6

4.43±1.18a
4.66±1.00

Big dose He-Ne laser

7

4.57±1.48

a

P<0.05 vs control group.

Pathological findings
The pathological histologies were observed under microscope.
In normal control group, the gastric mucosa was thick, the
epithelium was complete, only fell ingluvitis were spread,
there was no obvious ingluvitis cellular immunity (Table 2).
The parietal cells in normal control group were as follows:
large volume, pyramid form, cell edge tactful, full, numerous,
were arranged neatly and above 2/3 at a fundic gland
(Figure 1A). In model control group, the gastric mucosa
was thinner than that in normal control group (P<0.01), there
were large quantities of immunity ingluvitis (P<0.01), most
of the cells were lymphocytes and plasma cells. The parietal
cells in model control group were as follows: volume sterigma,
cell edge anomaly polygon, afterbirth syrup was wrinkled
and arranged foul-up, intercellular space was enlarged, the
ratio in syrup and nucleosidase increased the breadth of
the gland antrum, and large quantity of cells were put
through empty transformation (Figure 1B). In He-Ne laser
groups, the gastric mucosa was thicker than that in model
group (P<0.01), ingluvitis cells were less than that in model
control group, particularly the small dose He-Ne laser group
(P<0.05). The parietal cells in small dosage He-Ne laser

Table 2 Changes of gastric mucosa thickness and the observations of ingluvitis cellular immunity degree
Ingluvitis cellular immunity degree
Group

n

The thickness of gastric mucosa
(µm) (mean±SD)
b

-

+

Positive rate (%)
b

Normal control

8

525.17±57.52

7

1

13

Model control

11

387.21±51.60

1

10

91

Small dose He–Ne laser

11

499.06±57.25b

6

5

45a

Inside dose He–Ne laser

11

456.77±47.56

b

1

10

91

Big dose He–Ne laser

11

475.62±53.75b

2

9

82

a

P<0.05, bP<0.01 vs model control group.

Ingluvitis edema
Yes

No
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Figure 1 Pathology changes of parietal cells. A: parietal cells of gastric
mucosa in normal control group (HE ×400); B: parietal cells of gastric mucosa

in model control group (HE ×400); C: parietal cells of gastric mucosa in small
dose He-Ne laser group (HE ×400).

group were as follows: cell appearance, volume and construction
were all near to normal, and arranged neatly (Figure 1C).
Besides, there was no obvious ingluvitis edema in normal
control group, model control group and small dosage HeNe laser group, but it was obvious in inside and large dose
He-Ne laser groups, and the cells were transformed in the
two groups.

ingluvitis, and parietal cell hyperplasia were found in this
experiment. We think the mechanism of He-Ne laser treated
CAG in rats as follows: (1) partial microcirculation was
ameliorated; (2) body immunity was enhanced; (3) the
organized growth of gastric mucosa was promoted; (4)
inflammation was eliminated. Moreover, in our experiment
we found that three different dosages of He-Ne laser preceding
the incitement to the rat in CAG, resulted in different effects.
The best effect was the small dosage of He-Ne laser, the
inside dose and the large dose were not as well as the small
dose of He-Ne laser, which showed the dependence on
dosage[20,30,31]. Perhaps it is because the biology effect of
He-Ne laser closely related to the action time, power density
that organized He-Ne laser. Under the same power density
(8 mW/cm2), different action time (small dose for 7 min,
inside dose for 10 min, large dose for 13 min), produced
different effects. These results showed that small dose HeNe laser was a positive action, but large dose was an inhibitory
action to incite lombricine organization[32]. Besides, some
damaged cells, individual swelling, afterbirth syrup degeneration
and ingluvitis edema in the inside dose He-Ne laser group
and the big dose He-Ne laser group were found in gastric
mucus of rats under microscope. This may indicate the
light dynamic damage of He-Ne laser. So we draw a further
conclusion that big doses of He-Ne laser were deformative.
In a word, the experiment showed that 3.36 J/cm2 dose of
He-Ne laser is a valid dose of external irradiation to incite
life, it could promote the secretion of gastric acid and
recover the function of gastric mucus to the CAG in rats.
In summary, 3.36 J/cm2 /d dose of He-Ne laser irradiation
is a well-tolerated, safe, and effective treatment in rats with
CAG. The technique is easy, inexpensive, and of short
duration[25]. It is necessary to translate the outcome of this
study into clinically relevant interventions by further studies
which would develop a new way for the treatment of CAG.

DISCUSSION
The cause of disease and pathogenesis of chronic atrophic
arthritis (CAG) are not yet completely clean, generally
speaking, it is a synthesis factor with more effects and actions
such as immunity, gall back streaming, pyloric infection,
food, wine, smoke, and drugs[2,8,9]. Research expressed that
sodium salicylate could hurt gastric mucosa and enzyme
could inhibit gastric cell growth[10], alcohol could incite gastric
mucosa. In our experiment, we poured a mixture of 2%
sodium salicylate and 30% alcohol down the rat’s throat
for 8 wk, which could affect the natural cover and organize
variety in gastric mucus, combined with fatigue from overwork,
hunger and dissatisfaction in order to make the pathological
changes of CAG appear on the gastric mucosa appear[9].
Since the parietal cells reduced and degenerated, there was
disorder both in gastric acid secretion and digestion enzyme
weakness, the performance was a series of weak symptoms
of the function of digestion and absorption such as the
reduction of gastric acid secretion, diminishing of the gland
and atrophy, and metaplasis of the intestinal epithelium[9].
He-Ne laser, its characteristics such as 632.8 nm of
wavelength, good directivity , high intensity, good monochromaticity, is a low-level laser[11-14]. The low-level laser has some
biology effects such as cell vitality[15-18], phagocytosis[19-21],
immune responses[22-25], but as far as its usage for the treatment
of digestive disease, there were only few reports[26-28]. On
one hand, there was no difference between treating gastric
ulcer through bark and by endoscope[29]. On the other hand,
external irradiation is easy, and patients can bear some pain
with ease. We treated rats with CAG by external irradiation
with He-Ne laser as amplified by a convex mirror, radiated
at the gastric projective area. The results implied that the
gastric acid secretion of the rats in CAG treated by He-Ne
laser irradiation was increased, the best effect was on the
animals treated by small dosage He-Ne laser. Some changes
in gastric mucus such as thickness of gastric mucosa, alleviated

REFERENCES
1

2
3

He WB, Gao GL, Hou S, Song G. Relationship between mucosal vascular lesion and gastric carcinoma in chronic atrophic gastritis of mice. Shijie Huaren Xiaohua Zazhi 1999; 7:
130-132
He RZ. Pathology (fourth edition). Renmin Weisheng Chubanshe
2003: 128-129
Asaka M, Sugiyama T, Nobuta A, Kato M, Takeda H, Graham DY. Atrophic gastritis and intestinal metaplasia in

Shao XH et al. He-Ne laser irradiation in atrophic gastritis

4

5

6

7

8

9

10
11
12
13

14

15

16

17

18

Japan: results of a large multicenter study. Helicobacter 2001;
6: 294-299
Wang RJ, Du Q, Shao TY, Zhong TJ, Wu YL, Wang JH. Pathologic studies of Chinese drug Weiyanxiao on experimental
chronic atrophic gastritis in rats. Shijie Huaren Xiaohua Zazhi
2000; 4: 382-285
Chen SY, Wang JY, Ji Y, Zhang XD, Zhu CW. Effects of
Helicobacter pylori and protein kinase C on gene mutation in
gastric cancer and precancerous lesions. Shijie Huaren Xiaohua
Zazhi 2001; 9: 302-307
Wang XB, Wang X, Zhang NZ. Inhibition of somatostatin
analog Octreotide on human gastric cancer ce ll MKN45 growth
in vitro. Shijie Huaren Xiaohua Zazhi 2002; 10: 40-42
Yao XX, Yin L, Zhang JY, Bai WY, Li YM, Sun ZC. hTERT
expression and cellular immunity in gastric cancer and
precancerosis. Shijie Huaren Xiaohua Zazhi 2001; 9: 508-512
El-Zimaity HM, Ota H, Graham DY, Akamatsu T, Katsuyama
T. Patterns of gastric atrophy in intestinal type gastric carcinoma.
Cancer 2002; 94: 1428-1436
Shao XH, Wang JG, Dai J. Establishment of chronic atrophic
gastritis in a rat model. Zhangjiakou Yixueyuan Xuebao 2002;
2: 11-13
Nanjing pharmaceutical college. Medicament Chemistry.
Beingjing, Renmin Weisheng Chubanshe 1978: 172
Hu XM. Medical physics (fifth edition). Beijing: Renmin
Weisheng Chubanshe 2001: 351-352
Qin RJ. Medical physics (third edition). Guilin: GuangXi Shifan
Daxue Chubanshe 2002: 131-132
Stadler I, Lanzafame RJ, Oskoui P, Zhang RY, Coleman J,
Whittaker M. Alteration of skin temperature during low-level
laser irradiation at 830 nm in a mouse model. Photomed Laser
Surg 2004; 22: 227-231
Rochkind S, Ouaknine GE. New trend in neuoscience: lowpower laser effect on peripheral and central nervous system
(basic science preclinical and clinical studies). Neurol Res 1992;
14: 2-11
Pogrel MH, Chen JW, Zhang K. Effects of low-energy galliumalrminum-arsenide laser irradiation on cultured fibroblasts and
keratinocytes. Lasers Surg Med 1997; 20: 426-432
Ben-Dov N, Shefer G, Irintchev A, Oron U, Halevy O, Irinitchev
A. Low energy laser irradiation affects satellite cell proliferation and differentiation in vitro. Biochim Biophys Acta 1999;
14: 372-380
Grossman N, Schneid N, Reuveni H, Halevy S, Lubart R. 780 nm
low power diode laser irradiation stimulates proliferation of
keratinocyte cultures: involovement of reactive oxygen species.
Lasers Surg Med 1998; 22: 212-218
Rochkind S, Ouaknine GE. New trend in neuoscience: low-

3961

19

20

21

22

23

24

25
26

27

28

29
30

31

32

power laser effect on peripheral and central nervous system.
Neurol Res 1992; 14: 2-11
Pessoa ES, Melhado RM, Theodoro LH, Garcia VG. A histologic assessment of the influence of low-intensity laser therapy
on wound healing in steroid-treated animals. Photomed Laser
Surg 2004; 22: 199-204
Brosseau L, Welch V, Wells G, DeBie R, Gam A, Harman K,
Morin M, Shea B, Tugwell P. Low level laser therapy (Classes
I, II and III) for treating osteoarthritis. Cochrane Database Syst
Rev 2004; 3: CD002046
Kans JS, Hutschenreiter T, Haina D, Waidelich W. Effect of
low-power density laser radiation on healing of open skin
wounds in rats. Arch Surg 1981; 116: 293-296
Hrnjak M, Kulijic-Kapulica N, Budisin A, Giser A. Stimulatory effect of low-power density He-Ne laser radiation on
human fibroblasts in vitro. Vojnosanit Pregl 1995; 52: 539-546
Monteforte P, Baratto L, Molfetta L, Rovetta G. Low-power
laser in osteoarthritis of the cervical spine. Int J Tissue React
2003; 25: 131-136
Ohta A, Abergel RP, Uitto J. Laser modulation of human
immune system, inhibition lymphocyte proliferation by a gallium-arsenide laser energy. Lasers Surg Med 1987; 7: 199-201
Karu T. Photobiology of low-power laser effects. Health Phys
1989; 56: 691-704
Fukutomi H, Kawakita 1, Nakahara A. Endoscopic diagnosis and treatment of gastric cancer by laser beam. Laser Tokyo 81, Session 20. Laser Endoscopy 1981; 20: 26
Overholt BF, Danjehpour M, Haydek JM. Photodynamic
therapy for Barrett’s esophagus: follow-up in 100 patients.
Gastrointest Endosc 1999; 49: 1-7
Etienne J, Dorme N, Bourg-Heckly G, Raimbert P, Flijou JF.
Photodynamic therapy with green light and m-tetrahydroxyphenyl chlorin for intramucosal adenocarcinoma and highgrade dysplasia in Barrett’s esophagus. Gastrointest Endosc
2004; 59: 880-889
Wang KR. The comparison of laser therapy on gastric ulcer
through bark and by endoscopes. Guowai Yixue 1997; 4: 188
Pinheiro AL, do Nascliento SC, de Vieira AL, Rolim AB, da
Silva PS, Brugnera A Jr. Does LLLT stimulate laryngeal carcinoma cells? An in vitro study. Braz Dent J 2002; 13: 109-112
De Scheerder IK, Wang K, Zhou XR, Verbeken E, Keelan MH
Jr, Horn JB, Sahota H, Kipshidze N. Intravascular low power
red laser light as an adjunc coronary stent implantation evaluated in a porcine C model. J Invasive Cardiol 1998; 10: 263-268
Huang BX, Wang HB, Liu HQ, Qu ZN, Liu XF, Cheng ZH,
Gao L. Study on the Effects of He-Ne Laser Irradiation on the
Activity of Humoral Immune Factors IL-2 in Mice. Zhongguo
Jiguang Zazhi 2004; 2: 249-252
Science Editor Guo SY Language Editor Elsevier HK

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

ELSEVIER

World J Gastroenterol 2005;11(25):3962-3965
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BRIEF REPORTS •

Expression of interferon-alpha/beta receptor protein in liver of
patients with hepatitis C virus-related chronic liver disease
Xiang-Wei Meng, Bao-Rong Chi, Li-Gang Chen, Ling-Ling Zhang, Yan Zhuang, Hai-Yan Huang, Xun Sun
Xiang-Wei Meng, Bao-Rong Chi, Li-Gang Chen, Ling-Ling
Zhang, Yan Zhuang, Hai-Yan Huang, Xun Sun, Department of
Gastroenterology, the First Affiliated Hospital, Jilin University,
Changchun 130021, Jilin Province, China
Correspondence to: Dr. Xiang-Wei Meng, Department of
Gastroenterology, the First Affiliated Hospital, Jilin University,
Changchun 130021, Jilin Province,
China. xiangweimeng2003@yahoo.com.cn
Telephone: +86-431-5612437 Fax: +86-431-5612437
Received: 2004-07-09 Accepted: 2004-09-19

Abstract
AIM: To study the expression of interferon-alpha/beta
(IFN-α/β) receptor protein in liver of patients with hepatitis
C virus (HCV)-related chronic liver disease and its clinical
significance.
METHODS: A total of 181 patients with HCV-related
chronic liver disease included 56 with HCV-related liver
cirrhosis (LC) and 125 with chronic hepatitis C (CHC).
CHC patients were treated with five megaunits of
interferon-α1b six times weekly for the first 2 weeks and
then every other day for 22 wk. The patients were divided
into interferon (IFN) treatment-responsive and nonresponsive groups, but 36 patients lost follow-up shortly
after receiving the treatment. The expression of IFN-α/β
receptor (IFN-α/βR) protein in liver of all patients was
determined with immunofluorescence.
RESULTS: In liver of patients with HCV-related chronic
liver disease, the expression of IFN-α/βR protein in liver
cell membrane was stronger than that in cytoplasm and
more obvious in the surroundings of portal vein than in
the surroundings of central vein. Moreover, it was poorly
distributed in hepatic lobules. The weak positive, positive
and strong positive expression of IFN-α/βR were 40%
(50/125), 28% (35/125), 32% (40/125), respectively in
CHC group, and 91.1% (51/56), 5.35% (3/56), and 3.56%
(2/56), respectively in LC group. The positive and strong
positive rates were higher in CHC group than in LC group
(P<0.01). In IFN treatment responsive group, 27.8%
(10/36) showed weak positive expression; 72.2% (26/36)
showed positive or strong positive expression. In the nonresponsive group, 71.7% (38/53) showed weak positive
expression; 28.3% (15/53) showed positive or strong
positive expression. The expression of IFN-α/βR protein
in liver was more obvious in IFN treatment responsive
group than in non-responsive group.
CONCLUSION: Expression of IFN-α/βR protein in liver of

patients with HCV-related chronic liver disease is likely
involved in the response to IFN treatment.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: IFN-α/β receptor; Chronic hepatitis C; HCVrelated liver cirrhosis
Meng XW, Chi BR, Chen LG, Zhang LL, Zhuang Y, Huang
HY, Sun X. Expression of interferon-alpha/beta receptor
protein in liver of patients with hepatitis C virus-related chronic
liver disease. World J Gastroenterol 2005; 11(25): 3962-3965

http://www.wjgnet.com/1007-9327/11/3962.asp

INTRODUCTION
Interferon (IFN) is effective in the treatment of chronic
hepatitis C. It results in viral eradication and normalization
of liver function in about 35-40% of the patients[1-4]. The
anti-virus mechanism of IFN is to transmit the signal to
nuclei and to activate 2’-5’ adenylic acid synthase and protein
kinase after IFN molecule combines with IFN receptor,
which then blocks the translations of virus protein and RNA.
IFN receptor (IFN-R) is the initial protein for the chain
reaction of IFN[5]. Human interferon receptors are divided
into type I IFN-R which can combine with IFN-α/β, and
type II IFN-R which has specific sensitivity to IFN-γ.
Furthermore, it has been proved that type II IFN-R is also
sensitive to IFN-α/β to some extent[6], meanwhile IFN-β
and subtypes of IFN-α have high sensitivity to IFN-R[7].
In this study, we determined the expression of IFN-R
protein in liver of patients with HCV-related chronic liver
disease and its clinical significance.
MA
TERIALS AND METHODS
MATERIALS
Patients
A total of 181 patients were enrolled in this study, including
125 patients with chronic hepatitis C and 56 patients with
HCV-related liver cirrhosis. All the patients were seropositive
for HCV-RNA and underwent liver biopsy. None of the
patient was infected with other hepatitis viruses. All the
patients with chronic hepatitis C received IFN treatment.
However, only 89 patients were evaluated for treatment
response since 36 patients lost follow-up shortly after
receiving the treatment. According to the response to IFN
treatment, we studied the expression of IFN-α/βR protein
in liver of 89 patients with chronic hepatitis C at least six
months after IFN treatment.
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IFN treatment
IFN treatment was standardized as follows. Five megaunits
of IFN-α1b was administrated to 89 patients with chronic
hepatitis C by intramuscular injection six times weekly
for the first 2 weeks and then every other day for 22 wk.
The total dosage of IFN was 470 MU[8]. The study followed
the ethical guidelines of the Declaration of Helsinki and
was approved by the institutional ethics committee. Informed consent was obtained from all patients before IFN
treatment.
Appraisal of IFN treatment
According to the response to IFN, 89 patients with chronic
hepatitis C who were seropositive for HCV-RNA and
received IFN treatment were divided into responder group
(36) and non-responder group (53). Responders were defined
as patients who were seronegative for HCV-RNA with their
serum alanine aminotransferase (ALT) decreased to the
normal range for at least 6 mo after IFN treatment. The
other patients were non-responders.
Histopathological evaluation
Liver biopsy specimens were defined by Knodell’s pathologic
classification. The degree of liver fibrosis was determined
according to the criteria for staging fibrosis (F 0 to F4) ,
including F0 (no fibrosis), F1(portal area fibrosis), F2 (bridging
fibrosis), F3(bridging fibrosis with lobule deformation), F4
(cirrhosis). Inflammation activities were scored as follows:
1-3 points (mild hepatitis), 4-8 points (moderate hepatitis),
9-12 points (severe hepatitis).
Determination of IFN-α/βR in liver
Making specimens with immunofluorescence technique
IFN-α/βR in the liver was immunostained with an indirect
immunofluorescence technique. The liver biopsy specimens
were sampled during laparoscopy, fixed with fixatives, and
frozen to make histological sections. The sections were
incubated with non-marked antibody for 45 min at 37 ,
washed thrice in 0.15 mol/L pH7.6 phosphate buffered
saline (PBS) for 3 min and once in 0.01 mol/L pH 7.6 PBS
for 1 min, then incubated with anti-idiotype antibody (AId)
for 30-45 min at 37 and washed with PBS. The sections
were dehydrated at room temperature and mounted in glycerol.
We cloned the gene coding for the outside-membrane of
IFN-α/βR in Daudi’s cells and immunized white rabbits
with protein produced by the gene-transfected E.coli to get
the first antibody (Amersham, Buckinghamshire, UK). The
AId (Amersham, Buckinghamshire, UK) was an anti-rabbitIgG class antibody labeled with fluorochrome. Negative
control was serum of rabbits.

A

B

Figure 1 Weak positive (A), positive (B), strong positive (C) and negative (D)
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Criteria of fluoroimmunoassay
Intensity of fluorescence was standardized as follows (Figure 1):
weak positive (+), positive (++) and strong positive (+++).
If a minority of hepatocytes in the portal area were stained,
it was defined as weak positive (+). The strong positive
(+++) means almost all hepatocytes in the hepatic lobule
were stained, and hepatocytes between the two grades were
defined as positive (++).
Statistical analysis
Statistical significance of difference was determined by χ2-test.

RESUL
TS
RESULTS
Expression of IFN-α/βR protein in liver
IFN-α/βR protein was expressed in all the samples of HCVrelated chronic liver disease, however the degree of expression
varied. Expression of IFN-α/βR protein in cell membrane
was stronger than that in cytoplasm (Figure 2A).The expression
of protein in the surroundings of the portal vein was stronger
than that in the surroundings of the central vein. The protein
was poorly distributed in hepatic lobules (Figure 2B). Almost
all the IFN-α/βR proteins expressing cells were hepatic
parenchymal cells. However, IFN-α/βR proteins were
also expressed in part of interlobular cholangioepithelia
(Figure 2C).
Expression of IFN-α /β R protein in patients with chronic
hepatitis C and HCV-related liver cirrhosis
Among the 125 patients with chronic hepatitis C, 40%
(50/125) showed weak positive (+), 28% (35/125) showed
positive (++), 32% (40/125 ) showed strong positive (+++)
expression of IFN-α/βR protein. Among the 56 patients
with HCV-related liver cirrhosis, 91.1% (51/56) showed weak
positive (+), 5.35% (3/56) showed positive (++), 3.56%
(2/56) showed strong positive (+++) expression of IFNα/βR protein. The total frequency of positive and strong
positive expression in chronic hepatitis C patients was much
higher than that in patients with HCV-related liver cirrhosis
(P<0.01 Table 1).

Table 1 Expression of IFN-α/βR protein in liver of patients with
HCV-related chronic liver disease
Group

n

Fluorescence intensity in cases, n (%)
+

++,+++
b

CHC

125

50 (40)

LC

56

51 (91.1)

b

P<0.01 vs LC.

C

expression of IFN-α/βR (×200).

D

75 (60)b
5 (8.9)
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Figure 2 Expression of IFN-α/βR protein in cell membrane and cytoplasm
(A), hepatic lobules (B), and hepatic parenchymal cells and part of interlobular

cholangioepithelia (C).

Expression of IFNα/βR protein in liver of patients with chronic
hepatitis C after IFN treatment
Six months after IFN treatment, the responders and nonresponders were 36 and 53 respectively, and 27.8% (10/36) of
the responders showed weak positive (+), and 72.2% (26/36)
showed positive (++) or strong positive (+++) expression
of the IFNα/βR protein; 71.7% (38/53) of non-responders
showed weak positive (+), and 28.3% (15/53) showed
positive (++) or strong positive (+++) expression of the
IFN-α/βR protein. After the treatment, the total frequency
of positive (++) and strong positive (+++) expression of
the IFN-α/βR protein in responder group was much higher
(P<0.05) than that in non-responder group (Table 2).

liver cirrhosis than in patients with chronic C hepatitis. The
reason may be that the bloodstream in patients with cirrhosis
is not well-distributed and the blood supply becomes deficient
due to various kinds of fibrosclerosis in hepatic lobules,
and liver function and liver cell membrane are damaged
because of hepatic cellular inflammation. Because of these
factors, liver could not provide a good condition for the
expression of IFN-α/βR protein in patients with cirrhosis.
Defective expression of IFN-α/βR protein can reduce the
intake of IFN, resulting in increased reproduction of virus
and activity of hepatitis.
This study demonstrated that expression of IFN-α/βR
protein had a close correlation with hepatic fibrosis. The
majority of responders with chronic hepatitis C had a very
strong expression of IFN-α/βR protein prior to the
treatment, which coincides with other researches[10-12]. The
reasons are as follows. The infection of hepatitis virus C
can induce expression of protein effectively[13] , since some
patients with HCV-related chronic liver disease become very
sensitive to IFN treatment. Expression of IFN-α/βR protein
in liver in responsive cases is much stronger than that in
non-responsive cases. That is to say, non-responsive reaction
to the treatment may be caused by the defective expression
of protein in patients with chronic hepatitis C. Although
expression of IFN-α/βR protein in the responder group is
stronger than that in non-responder group, the expression
also exists in some non-responsive cases. On the contrary,
expression of IFN-α/βR protein in some responsive cases
is as weak as that in non-responsive cases. These inconsistencies
are attributed to the following aspects. IFN-α/βR protein
cannot represent all IFN R proteins involved in the antivirus mechanism in chronic hepatitis C. The protein we studied
is IFN-α/βR protein which could respond to IFN-α and
IFN-β [7]. The protein plays a key role, in the anti-virus
mechanism against HCV-related chronic disease. The
combining activity of R proteins maybe changed in the
responsive cases when IFN-α/βR protein is expressed.
Among the responsive and non-responsive cases, some
patients with severe chronic hepatitis C and cirrhosis were
not sensitive to IFN treatment, and defective expression
of IFN-α/βR protein in these patients was a major cause.
It coincides with other studies[14,15]. In conclusion, expression
of IFN-α/βR protein in liver of patients with HCV-related
chronic disease is likely involved in response to IFN treatment,
the expression of IFN-α/βR protein may be useful in

Table 2 Effect of IFN and expression of IFN-α/βR protein
IFN treatment effect
Responders
Non-responders

n
36
53

Fluorescence intensity in cases, n (%)
+

++, +++
a

10 (27.8)
38 (71.7)

26 (72.2) a
15 (28.3)

a

P<0.05 vs non-responders.

DISCUSSION
Isimura[9] has proved that IFN R protein exists in liver by
ELISA and reported that the expression degree of IFN-αR
protein in cytoplasm is different. By immunohistochemical
method and competitive polymerase chain reaction assay,
Fujiwara et al.[9], found that determination of the expression
of IFN-α/βR protein is more useful than that of its mRNA.
In this study, we found that expression of IFN-α/βR
protein in cell membrane was stronger than that in cytoplasm
by immunofluorescence assay. IFN-α/βR protein is a
membrane receptor just like other cytoplasm receptors.
Moreover, this study also found that the expression of
IFN-α/βR protein in the surroundings of the portal vein
was stronger than that in the central vein, and the protein
was poorly distributed in hepatic lobules. This may be
attributed to the following aspects. The blood stream in
surrounding of the portal vein is more affluent, providing
a good nutritional condition for virus infection which then
induces the expression of IFN-α/βR. The expression
intensity of IFN-α/βR protein varies in different chronic
hepatic diseases. It is weaker in patients with HCV-related
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predicting IFN therapeutic effect, and defective expression
of IFN-α/βR protein in liver may result in resistance to
IFN treatment in patients with HCV-related chronic liver
disease.
10
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Abstract
AIM: To study the surgical treatment effect and outcome
of hepatocellular carcinoma (HCC) with bile duct tumor
thrombi (BDTT).
METHODS: Fifty-three consecutive HCC patients with BDTT
admitted in our department from July 1984 to December
2002 were reviewed retrospectively. The clinical data,
diagnostic methods, surgical procedures and outcome of
these patients were collected and analyzed.
RESULTS: One patient rejected surgical treatment, 6
cases underwent percutaneous transhepatic cholangial
drainage (PTCD) for unresectable primary disease, and
the other 46 cases underwent surgical operation. The
postoperative mortality was 17.6%, and the morbidity was
32.6%. Serum total bilirubin levels of these patients with
obstructive jaundice decreased gradually after surgery.
The survival time of six cases who underwent PTCD ranged
from 2 to 7 mo (median survival of 3.7 mo). The survival
time of the patients who received surgery was as follows:
2 mo for one patient who underwent laparotomy, 5-46 mo
(median survival of 23.5 mo, which was the longest
survival in comparison with patients who underwent other
procedures, P = 0.0024) for 17 cases who underwent
hepatectomy, 5-17 mo (median survival of 10.0 mo) for
5 cases who underwent HACE, 3-9 mo (median survival of
6.1 mo) for 11 cases who underwent simple thrombectomy
and biliary drainage, and 3-8 mo (median survival of 4.3 mo)
for four cases who underwent simple biliary drainage.
CONCLUSION: Jaundice caused by BDTT in HCC patients
is not a contraindication for surgery. Only curative resection
can result in long-term survival. Early diagnosis and surgical
treatment are the key points to prolong the survival of
patients.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Jaundice is present in 19-40% of patients with hepatocellular
carcinoma (HCC) at the time of diagnosis and usually occurs
in advanced stages of diseases. The etiology of jaundice is
mainly due to diffuse tumor infiltration of liver parenchyma,
progressive liver failure (advanced underlying cirrhosis) and
hepatic hilar invasion[1]. Obstructive jaundice caused by bile
duct tumor thrombi (BDTT) arising from HCC is uncommon[2.3]. Only 1-12% of HCC patients manifest obstructive
jaundice as the initial manifestation[4]. We have noticed this
kind of obstructive jaundice caused by HCC with BDTT
since 1980, and our initial report of HCC with BDTT was
published in 1996[5]. However, BDTT caused by HCC
thrombus is often misdiagnosed as hilar cholangiocarcinoma,
and has a particular mode of growth and clinical features.
Herein, we report a total of 53 HCC patients with BDTT
to make a better understanding of the nature of this disease.
MA
TERIALS AND METHODS
MATERIALS
Patients
From July 1984 to December 2002, 53 consecutive HCC
patients (47 males, 6 females, age range 20-69 years, mean
age 48.2±10.2 years) with BDTT were treated in our
department. The common clinical manifestations included:
jaundice, abdominal pain, poor appetite, abdominal
distension, skin itch, clay-colored stools, etc. Eight cases had
previous treatment in other hospitals before admission.
Among them, four cases had recurrent HCC after hepatectomy,
three received transcatheter arterial chemoembolization
(TACE), and one underwent 32P glass microspheres (32PGMS) internal radiotherapy thrice through hepatic artery
cannulation and subcutaneous implantation of a drug pump.
Laboratory examination
The average level of serum total bilirubin was 311.9±186.9
µmol/L (range 20.3-776.6 µmol/L), ALT was 119±82 IU/L
(range 16-428 IU/L), ALP was 423±241 IU/L (range
116-1 038 IU/L), γ-GT was 410±346 IU/L (range 98-1 637
IU/L), ALB was 37±6 g/L (range 24-46 g/L). The hepatitis
B surface antigen was positive in 35 cases (35/53, 66.0%).
The hepatitis C antibody assay was positive in one case.
The concentration of a-fetoprotein (AFP) was higher than

Peng BG et al. Surgical treatment for hepatocellular carcinoma

400 µg/L in 29 cases (29/53, 54.7%). Cirrhosis was found in
28 cases (28/53, 52.8%), ascites in 10 cases (10/53, 18.9%).
Imaging findings
Primary tumors and total BDTT in the common hepatic
duct or the common bile duct (CBD) were detected by
image investigations including ultrasonography (US),
computed tomography (CT), endoscopic retrograde
cholangiopancreatography and magnetic resonance
cholangiopancreatography (MRCP). Three patients were
misdiagnosed as cholangiocarcinoma, among them two cases
underwent laparotomy and T-tube drainage in other hospitals,
one case was found to have lung metastasis at the initial diagnosis.
Location and size of HCC and BDTT
No obvious primary liver tumor was found in seven cases,
among them three cases were misdiagnosed as hilar cholangiocarcinoma (Figure 1). The diameter of the primary
tumors ranged from 0.9 to 12 cm (mean value 5.0±2.6 cm)
in the remaining 46 cases. Of these, the diameter of the
major tumor was larger than 10 cm in 6 cases, between 5
and 10 cm in 15 cases, less than 5 cm in 25 cases. Seventeen
cases had multiple nodules, 29 had a single nodule. The
tumors were involved in the right lobe (n = 19), the left
lobe (n = 13), and the caudate lobe of liver (n = 3), the
whole liver (n = 11). The tumor thrombi of CBD occurred
in all cases. Thrombi coexisted in intrahepatic bile duct
(n = 38), the right hepatic duct (n = 5), the left hepatic duct
(n = 4), and the left and right hepatic ducts (n = 6). In
addition, the tumor thrombi presented in the right branch
(n = 1), and the left branch of portal vein (n = 1), the right
branch of portal vein and the right hepatic vein (n = 1).
Statistical analysis
A database was established by SPSS 10.0 software. Data
were expressed as mean±SD. Kaplan-Meier method and
log-rank test were used for survival statistics. P<0.05 was
considered statistically significant.

RESUL
TS
RESULTS
Treatments
One patient refused surgery for other reasons. Fifty-two
cases received treatments. Among them, six cases received
non-surgical procedures including percutaneous transhepatic
cholangio-drainage (PTCD, n = 4), biliary stent placement
(n = 2). Forty-six cases underwent surgical operations
including hepatectomy with thrombectomy and biliary
drainage (n = 21), hepatic artery chemoembolization (HACE)
for unresectable primary diseases and biliary drainage (n = 5),
simple thrombectomy with biliary drainage (n = 14), and
simple biliary drainage (n = 4). Among the 21 cases who
underwent hepatectomy for their primary liver tumors, 2 cases
underwent right hemihepatectomy, 2 left hemihepatectomy,
11 partial right lobectomy, 4 partial left lobectomy, 1 left
hemihepatectomy with caudate lobectomy, 1 left hemihepatectomy with caudate lobectomy and segmentectomy.
Simultaneously, one case underwent thrombectomy for the
right branch thrombi of portal vein and the right hepatic
vein thrombi via the transaction surfaces. Of the 14 cases
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Figure 1 Location and size of HCC. A: Hilar obstruction indicating hilar
cholangiocarcinoma (white arrow) shown by PTC. B: CBD tumor thrombi seen
during intra-operation.

who underwent simple thrombectomy and biliary drainage,
one underwent proper hepatic artery ligation (HAL), and
the other right HAL at the same time.
Pathology
All the 53 cases were pathologically diagnosed as HCC by
professional surgical pathologists. The BDTT consisted of
tumor cells arranged like a nest of primary tumors, coexisting
with red blood cells (RBC), leukocytes and necrotic tumor tissues.
Postoperative mortality and morbidity
Among the 46 patients who underwent operations, 8 died
of hepatic failure postoperatively, the hospitalization
mortality was 17.4% (8/46). One died 3 d after laparotomy,
one died 26 d after simple thrombectomy with biliary
drainage and right HAL, two died 7 and 45 d after simple
thrombectomy with biliary drainage respectively, four died
7, 12, 15 and 38 d after hepatectomy with thrombectomy
and biliary drainage respectively. Fifteen patients developed
postoperative complications including liver function failure
(n = 8), upper gastrointestinal hemorrhage (n = 4), pleural
effusion (n = 4), serious coagulopathy (n = 1), intra-abdominal
hemorrhage (n = 1), pleural hemorrhage (n = 1), biliary
leakage (n = 1), subphrenic infection (n = 1), and lower limb
venous thrombosis (n = 1). The postoperative morbidity
was 32.6%. Of the six cases who received PTCD, one
suffered from acute cholangitis, no death occurred.
Effect of treatment
The serum total bilirubin levels of these patients with
obstructive jaundice decreased gradually. A total of 45 patients
were followed up. One patient refused treatment and died
1 mo later. The survival time of six cases who underwent
PTCD ranged from 2 to 7 mo (median survival of 3.7 mo).
The survival time of the patients who received surgery was
2 mo for one patient who underwent laparotomy, 5-46 mo
(median survival of 23.5 mo) for 17 cases who underwent
hepatectomy, which was the longest survival compared to
the patients who underwent other procedures (log-rank test,
P = 0.0024), 5-17 mo (median survival of 10.0 mo) for 5
cases who underwent HACE, 3-9 mo (median survival of
6.1 mo) for 11 cases who underwent simple thrombectomy
and biliary drainage, and 3-8 mo (median survival of 4.3 mo)
for 4 cases who underwent simple biliary drainage.
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DISCUSSION
BDTT derived from HCC is uncommon. However, bile
duct invasion was commonly detected at necropsy in HCC
patients with obstructive jaundice. In 1975, Lin et al. [6],
clinically classified such cases as “icteric type hepatoma”,
which manifested as obstructive jaundice even at the early
stage of tumors, and pointed out that its differential diagnosis
was very difficult. In 1982, Kojiro et al.[7], first described
the clinical and pathological features of HCC invading the
bile duct, and clarified that it was not equal to the portal
vein thrombi (PVT), indicating the possibility of extensive
dissemination in terms of severity of the disease. They
considered that it was not necessarily a criterion of advanced
disease. Actually, the rapid growth of the BDTT was rare
and there was no report of BDTT extending to the duodenum.
But BDTT could enlarge through blending with blood clotting
and bile mucus, subsequently resulting in full obstruction
of the biliary tract and obstructive jaundice.
The typical clinical features of BDTT were repeated
episodes of cholangitis and fluctuating jaundice, which
could be relieved by conservative treatment. For these
manifestations, BDTT was often misdiagnosed as
cholangiocarcinoma. Actually, in our series, three cases were
misdiagnosed as hilar cholangiocarcinoma. In addition, it is
essentially important to differ obstructive jaundice from
hepatic jaundice caused by liver dysfunction due to extensive
metastasis within the liver and underlying hepatitis and
cirrhosis, because the later has no chance of surgery, but
the former can gain a good outcome through operation
and/or multi-modality treatment. We concluded that the
following clues could help us differentiate BDTT from other
types of jaundice. Patients had underlying hepatitis or liver
cirrhosis, elevating serum AFP, and characteristic features
of primary liver tumors presented in US and CT.
As to the imaging investigations, US is the most convenient
and effective method to detect BDTT and intrahepatic
primary tumors. Endoscopic sonography (EUS) can show a
tumor thrombus with central echogenicity and a “nodule-innodule” pattern, which provides more accurate evidence for
the diagnosis. Lee et al.[8], reported a patient with a small HCC
in caudate lobe and presence of obstructive jaundice.
Preoperative EUS showed that it was tumor thrombi in CBD.
In addition, intraoperative US could detect smaller or more
deeply seated intrahepatic tumors. CT, MRI and MRCP could
provide more information for us to know the extension of
tumors and location of thrombi, and help us adopt proper
treatment, in particular surgical procedure selection for
patients. Intraoperative choledochoscopy and cholangiography
can show the location of tumor thrombi and differentiate
obstructions due to intraluminal mass, infiltrating ductal lesions
or extrinsic mass compression. Jan and Chen[9] reported 28
patients with obstructive jaundice as a result of floating tumor
debris from ruptured tumors in CBD. Of these, 18 cases
underwent choledochoscopy, and the tumor ruptured into
right intrahepatic bile duct (n = 9), left intrahepatic bile duct
(n = 7), and the confluence of the left and right hepatic
ducts (n = 2). Hepatectomies were performed for four patients
under the guide of choledochoscopy.
The size of primary tumors did not correlate with biliary
metastasis[10], and the primary liver tumors with obstructive
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jaundice might be small and resectable. In our series, primary
liver tumors were not detectable in seven cases. Twenty-five
cases had tumors with a diameter of less than 5 cm, suggesting
that obstructive jaundice is not a criterion of late-stage HCC
and a contraindication for surgery necessarily[11].
The managements of BDTT include hepatectomy,
thrombectomy, biliary drainage, TACE, internal biliary
stenting, radiotherapy, percutaneous transhepatic ethanol
injection (PTEI), etc. Surgical resection has been the ideal
treatment and the only way for patients to achieve a longterm survival[12-14]. Most patients might have satisfactory
palliation and opportunity for cure after surgery[15]. The
selection of surgical procedures was based on the nature
and location of the main tumor and thrombi, severity of
cirrhosis, associated biliary neoplastic strictures, the overall
status of patients, and the experience of surgeons. If the
condition of patients was good and the primary liver tumor
was resectable, the primary tumor should be resected after
thrombectomy. Even if it was only a palliative resection, it
could increase the survival time. If no liver tumor was
detected, biliary decompression and drainage should be
performed through choledochotomy and thrombectomy.
To the unresectable diseases, HAL and HACE might be
beneficial to some selected cases[16-19]. Shiomi et al.[12], reviewed
132 patients with HCC who underwent hepatectomy
between 1980 and 1999. Of these, 17 with BDTT underwent
right hemihepatectomy, 1 caudate lobectomy, 11 right or
left hemihepatectomy and 5 segmentectomy. Their 3- and
5-year survival rates were 47% and 28% respectively, and
the median survival time was 2.3 years, similar to those
achieved in 115 patients without BDTT. Fukuda et al.[20],
reported that after the patients with HCC and extrahepatic
bile duct thrombi underwent tumor resection and HACE,
the longest survival time of some patients reached 215 mo.
In our 46 cases undergoing surgery, the postoperative
mortality was 17.4%, and the morbidity was 32.6%. The
survival time of the patients who underwent hepatectomy,
thrombectomy and biliary drainage ranged from 5 to 46 mo
with a median time of 23.5 mo. We concluded that the
poor prognosis of these patients was due to the late diagnosis
and obstructive jaundice that resulted in irreversible liver
failure. In our study, one patient died 3 d after laparotomy,
indicating that early diagnosis and surgical treatment are
critically important to improve the prognosis of HCC patients.
BDTT is different from PVT. Complete removal of
the later is sometimes difficult because portal vein provides
the main blood supply for thrombi. However, it is easy to
remove BDTT because most of thrombi do not adhere to
the wall of bile duct tightly. Narita et al.[21], reported one
case of small HCC in the left lobe with bile duct thrombi,
and they found that the thrombi just adhered to the mucosa
of bile duct, rather than invaded submucosa. Primary tumor
resection and thrombectomy may achieve satisfactory palliation
and cure. However, active hemorrhage occurred during
operation in some cases, this may be due to the continuity of
BDTT with the main intrahepatic tumor or BDTT invading
the bile duct wall. But bleeding could be easily controlled
after primary tumor was removed. For patients with multiple
and unresectable tumors or biliary hemorrhage, thrombectomy
and T-tube drainage with HAL could control bleeding and
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relieve jaundice, and subsequently improve liver function.
The survival time of these patients may be prolonged.
PTCD and biliary stent placement could alleviate
jaundice[22,23]. TACE and PTEI could control the growth of
tumors, improve the quality of life and survival rate after
jaundice was relieved [24-26]. Endoscopic biliary drainage
(EBD) for unresectable HCC with obstructive jaundice
remains controversial because of no benefit to survival.
Matsueda et al. [27], suggested that EBD was one of the
effective treatments for patients with unresectable malignant
biliary stenosis, and obstructive jaundice due to bile duct
thrombi. However, EBD was often difficult in HCC patients
with obstructive jaundice because of proximal biliary obstruction
at the hilum, and multiple tumors diffusing in the whole
liver. The decision to perform EBD should be based on
the nature and location of thrombi, the condition of liver
function, and the presence of PVT. In addition, endoscopic
sphincterotomy could benefit the discharge of necrotic
thrombi and further improvement of overall status, after
endoscopic nasobiliary drainage resolved the obstruction[28,29].
There is a considerable controversy over the role of
transplantation in patients with HCC. Liver transplantation
for HCC patients with BDTT is rare. Peng et al.[30,31], have
reported one patient who underwent piggyback orthotopic
liver transplantation and survived for 27 mo. This suggests
that selected HCC patients with BDTT may benefit from
liver transplantation, but it needs to be studied further.
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